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Section 3.10 

METHOD 1 3 A  - DETERMINATION OF TOTAL FLUORIDE 
EMISSIONS FROM STATIONARY SOURCES 
(SPADNS Zirconium Lake Method) 
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In Method 13A, total fluorides (gaseous and particulate) 
are extracted isokinetically from the source by using a sampling 
train similar to the one specified in Method 5 (Section 3.4 of 
this Handbook). The filter is not required to be heated and may 
be located immediately after t h e  probe or between the third and 
fourth impinger . 

The SPADNS zirconium lake colorimetric method f o r  quantita- 
tively measuring the fluorides collected in the train is appli- 
Cable to fluoride (F) emissions from stationary sources, but not 
to fluorocarbons such as Freon. The concentration range of t h e  
method is from 0.05 to 1.4 pg F/ml; the method is applicable to 
much higher concentration by using sample dilutions. Sensitiv- 
ity of the method has not been determined. 

An interferent in the collection of fluorides is grease on 
sample-exposed surfaces; aue to adsorption the grease causes low 
results. If it can be shown to the satisfaction of the admini- 
s t r a t o r  that samples contain only water soluble fluorides, 
fusion and distillation may be omitted from the analysis. 

Interferences, such as >300 mg aluminium/A and >0.3 rng 
silicon dioxide/ll, prevent complete recovery of fluoride during 
laboratory analysis, however, sample distillation will eliminate 
this problem. Chloride will distill over and interfere w i t h  t h e  
SPADNS zirconium l ake  color reaction. This interference can be 
prevented by adding silver sulfate ( 5  mg of silver sulfate/mg of 
chloride) into the distillation flask. However, if chloride ion 
1s present, use of specific-ion electrode (Method 13B) is recorn- 
mended. Sulfuric acid carried over during distillation will 
cause a positive interference; to avoid t h e  carryover, stop the 
distillation at 175OC (347°F). Residual chlorine will also 
interfere w i t h  this colorimetric method, b u t  should not be 
present in the t y p e  of sample analyzed. 

1 ' /  51 1. 
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The color obtained when colorimetric reagent is mixed w i t h  
the sample is stahle for  approximately 2 h. After formation of 
the color ,  the absorbances of the sample and standard solutions 
should be measured a t  the same temperature. A 3OC (5.4OF) d i f -  
ference between srunple and standard solut ion temperatures w i l l  
produce an e r ro r  of approximately 0.005 mg F/2. 

The method description which follows is based on the Refer- 
ence Methodl t h a t  was promulgated on June 20, 1980. 

Section 3.10..10 contains a copy of the Reference Method and 
blank data forms &re provided i n  Section 3.10 .12  for  the conve- 
nience of the Handbook user .  

Note: Due t o  s imi l a r i t i e s  between Method 13A and Method 13B 
sampling and ana:Lytical equipment and procedures, only the 
differences per ta ining t o  Method 1 3 A  w i l l  be presented. HOW- 
e w r ,  the a c t i v i t y  matrices a re  aZP included whether o r  not 
differences occur i n  the wri t ten descriptions.  A l l  other Method 
13A descr ipt ions ! w i l l  be referenced t o  the corresponding de- 
sc r ip t ion  i n  Section 3.9, Method 13B. T h i s  i s  done for  both 
time savings t o  tlie reader and cos t  savings t o  the Government. 
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METEIOD HIGHLIGHTS 

Section 3 .10  (Method 13A) describes specifications for the 
sampling and analysis of total fluoride emissions from station- 
ary sources. A gas sample is isokinetically extracted from the 
source stream, and the fluorides in P;he strew are collected in 
the sampling train. 

The sampling train is similar to that in EPA Method 5, with 
- 

may be located either immediately after the probe or between the 
third and fourth impingers. If it is between the probe and the 
first impinger, a borosilicate glass or stainless steel filter 
holder with a 20-mesh stainless steel Screen filter support and 

used. 

((1.0 ft3/min') must be used. 
Same temperature during analysis by a e  colorimetric method. 

Samples and standards must be the 
A 

change of 3OC (5.4OF) will cause an error of 0.005 mg ??/a in the 
sample measurements. Distillation during sample analysis has 

- 

- 
been found to be the main cause of error in this method. 

sured condensate and impinger water to a sample container, 
The collected sample is  recovered by transferring the mea- 

- 

adding the filter and the rinsings of all sample-exposed sur- 
faces to this container, and fusing and distilling the sample 
for colorimetric analysis. Fusion and distillation may be 
omitted if it can be shown to the satisfaction of the adminis- 

trations from 0.1to 1.4 mg F/m3 could be determined with an in- 
tralabsratory precision of 0.044 mg F/m3 and an interlaboratory 
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each simultaneously 
took duplicate sainples from the stack. The collaborative test 
did not find any bias in the analytical method.* 

The Method Description (Sections 3.10-1 to 3.10.9) is based 
on the detailed specifications in the Reference Method (Section 
3.10.10) promulgated by EPA on June 20, 1980.l 

The appropriate blank data forms at the end of the Method 
Highlights Section of Method '13B (Section 3.9) may be removed 
from the Handbook and used in the pretest, test, and posttest 
operations. Each form has a subtitle to assist the user in 
finding a similar filled-in form in the method description. On 
the blank and filled-in forms, the items/parameters that can 
cause the most significant errors are designated with an as- 
terisk. 

1 ., Procurement of Apparatus and Supplies - -  

Section 3.10.1 (Procurement of Apparatus and Supplies) 
gives specifications, criteria, and design features for the 
required equipment and materials. The sampling apparatus for 
Method 13A has the same design features as tha$ of Method 5, 
except for the positioning of the filter in the sampling train. 
This section can be used as a guide f o r  procurement and initial 
checks of equipment and supplies. The activity matrix (Table 
1.1) at the end of the section is a summary of the details given 
in the text and can be used as a quick reference. 

2. Pretest Preparations 

Section 3.10.2 (Calibration of Apparatus ) describes the 
required calibration procedures for the Method 13A sampling 
equipment (same' as Method 13B) for the colorimetric method. A 
pretest checklist (Figure 3.1 in Section 3.9.3 or a similar 
form) should be used to summarize the calibration and other 
pertinent pretest data. 

Section 3.10.3 (Preshpling Operations) is the same as for 
Method 13B. 



:.\ ' 

Section No. 3.10 
Revision No. 0 
Date January 4, 1982 
Page 6 of 7 

Activity matrices for the calibration of equipment .and the 
presampling operations (Tables 2.1 and 3.1) summarize the activ- 
ities. 

3.;- On-site Measurements 

Section 3.10.4 (On-Site Measurements) describes procedures 
for sampling and sample recovery and is the same as for Method 
13B. 

4. Posttest Operations 

Section 3.10.5 (Postsampling Operation) describes the 
postsampling activities for checking the equipment and the 
analytical procedures. A form is given for recording data from 
the posttest equipment calibration checks; a copy of the form 
should be included in the emission test final report. A control 
sample of known (F) concentration should be analyzed before 
analyzing the sample for a quality control check on the analyt- 
ical procedures. The detailed analytical procedures can be 
removed f o r  use as easy references in the laboratory. An activ- 
ity matrix (Table 5.1) summarizes the postsampling operations. 

Section 3.10.6 (Calculations) describes calculations, 
nomenclature, and significant digits for the data reduction. A 

programmed calculator is recommended to reduce calculation 
errors. 

Section 3.10.7 (Maintenance) recommends routine and preven- 
tive maintenance programs. The programs are not required, but 
their use should reduce equipment downtime. 

- -  

5. Auditing Procedures 

Section 3 L O .  8 describes performance and system audits. 
Performance audits for both the analytical phase and the data 
processing are described. A checklist (Figure 8.2) outlines a 
recommended system audit. 

Section 3.10.9 lists the primary standards to which the 
working standards or  calibration standards should be traceable. 
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6. References 

Section 3.10.10 contains the promulgated Reference Method; 
Section 3.18.11 contains the references cited throughout the 
t e x t ;  and Section 3.10.12 either contains copies of data fomr 
recommended for Method 13A or references the user to forms in 
Method 13B. 
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METHOD DESCRIPTION 

1.0 PROCUREMENT OF APPARATUS AND SUPPLIES 

A schematic of the sampling train used in Method 13 is 
shown in Figure 1.1. The train and the sampling procedures are 
similar to EPA Method 5; the procedures and equipment for 
Methods 13A and 13B are identical. Commercial models of the 
train are available. For those who w a n t  to build their own, 
construction details are in APTD-0581; allowable modifications 
are described therein. The operating, maintenance, and calibra- 
tion procedures for the sampling train are in APTD-0576.' Since 
correct usage is important in obtaining valid results, a l l  users 
are advised to read that. document and to adopt its procedures 
unless alternatives are outlined therein. 

Specifications, criteria, and/or design features are given 
in this section to aid in the selection of equipment or any 
components that are different from those in Section 3.9.1. 
Procedures and limits (where applicable) for acceptance checks 
are also given. 

Table 1.1 at.the end of this section summarizes the quality 
assurance activities fo r  the procurement and acceptance of 
apparatus and supplies. 

1.1 Miscellaneous Glassware 

1.1.1 Pipettes - Several volumetric pipettes (Class A)--includ- 
ing 2, 4, 5, 6, 8, 10, 12, 14, 20, 2k, 50 mlfs--should be avail- 
able. Record the stock numbers, and visually check for cracks, 
breaks, or manufacturer's flaws. If irregularities are found, 
either replace or return to the supplier. 

1.1.2 Volumetric Flask - Several glass volumetric f lasks,  Class 
A, (50-ml, lOO-ml, 250-ml, 1000-ml) are needed to dilute the 
sample and to prepare standards and agents. 
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1.1.3 Erlenmeyer Flask or Plastic Bottle - A 500-ml Erlenmeyer 
flask or plastic bottle is needed to store the SPADNS solution. 

1.2 Reagents and Supplies (Sample Recovery and Analysis) 

Unless otherwise indicated, all reagents should meet the 
specifications of the Committee on Analytical Reagents of the 
American Chemical Society (ACS); otherwise, use the best avail- 
able grade. 

1.2.1 Calcium Oxide (CaO) - A reagent grade 'or a certified ACS 

grade of CaQ containing - (0.005% F is needed. 
1.2.2 Filters - Whatman No. 541 (or equivalent) filters are re- 
quired for filtration of the imginger contents and recovery of 
the sample. 

1.2.3 Hydrochloric Acid (HClL - An ACS reagent grade or t he  
equivalent concentrated HCL is needed. 

1.2.4 Phenolphthalein Indicator = A reagent grade or a certi- 
fied ACS 0.1% phenolphthalein should be a 1:l ethanol-water 
mixture. 

1.2.5 Silver Sulfate ( A g z S 0 4 )  - An ACS reagent grade or the 
equivalent AgaSQJ should be used. 

1.2.6 Sodium Hydroxide (NaOH) Pellets - An ACS rsqgent grade or 
the equivalent is needed, 

1.2.7 Sodium Fluoride (NaF) Standard - Dissolve 0.2210 g 
fO.COQ5 g of reagent grade NaF in deionized distilled water and 
dilute to 1000 ml. Dilute 100 ml of this solution to 1000 ml 
with distilled water; 0.01 mg F/ml water. NaF should be oven 
dried at llO°C for at least 2 h prior to weighing. 

1.2.8 Sulfuric Acid ( H 2 S 0 4 )  - An ACS reagent grade or the 
equivalent concentrated H 2 S 0 ,  is needed. 

1.2.9 Sulfuric Acid, 25 Percent (v/v) - Cautious.ly add 1 part 
of concentrated H 2 S 0 4  to 3 parts deionized distilled water. 
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1.2.10 
Table 1.1 at the end of this section and in Section 3.9.1. 

Water - Deionized distilled water needed as specified in 

1.2.11 SPADNS Solution - Dissolve 0.960 fO.O1O g of SPADNS rea- 
gent 4,5 dihydroxy-3-( parasulfophenylazo )-2,7-naphthalenedisul- 
fonic acid trisodium salt (also called sodium-Z-(parasulfo- 
phenylazo)-1,8~dihydroxy~3,6=naphthalenedisulfona~e) in dis- 
tilled water. and dilute to 500 ml. This diluted solution is 
stable for about 1 mo if stored in a sealed bottle and protected 
from direct sunlight. 

1.6.12 Reference Solution - Add 10 ml of the SPADNS solution to 
100 ml distilled water. Dilute 7 ml of concentrated HC1 to 10 
ml.; then add the diluted HC1 to the diluted SPADNS. This refer- 
ence solution, which is needed to set the spectrophotometer zero 
point, is stable for at least 2 mo. 

1.2.13 SPADNS Mixed Reaqent (ZrOCl, 8H20 + HC1 Mixed with 
SPADNS Solution1 - First prepare the zirconyl-acid reagent by 
dissolving 0.135 f0.005 g of zirconyl chloride octahydrate 
(ZrOCl2*8B20) in 25 ml of distilled water. Then add 350 ml of 
concentrated HC1, and dilute t'o 500 ml with distilled water. 
Next, prepare the SPADNS mixed reagent (acid zirconyl-SPADNS 
solution) by combining equal volumes of the SPADNS solution and 
the zirconyl-acid reagent. The mixed reagent will be stable for 
at least 2 mo. 

Check all reagents for grades and ACS certifications. 
Replace or return to the manufacturer any reagent which does not 
meet the standards. 

1.3 Analytical Equipment 

1.3.1 
ml in (15 min is required to heat the boiling flasks. 

1.3.2 Crucible - A nickel crucible with a capacity of 75 to 
100 r n l  is needed to evaporate the water from the sample on a hot 
plate .  

0 

Bunsen Burner - A Bunsen burner capable of distilling 200 

/- 
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Upon rece ip t ,  check for  cracks or manufacturing flaws as 
w e l l  as  f o r  capacity. If  it does not meet specifications re- 
place or  re turn it t o  the manufacturer. 

1.3.3 Hot P la te  - A hot p l a t e  capable of 5 O O O C  (932OF) is re- 
quired f o r  heating t h e  sample i n  a nickel crucible.  

Check upon rece ip t  and before each use for  damage. Check 
the heating capacity against  a mercury-in-glass thermometer. If 
inadequate, repa i r  o r  re turn  the hot plate t o  the supplier. 

1.3.4 Electric Muffle mrnace - An electric muffle furnace 
capable of heating t o  6 O O O C  (1112OF) is needed t o  fuse the sam- 
p l e .  

Check the heating capacity against  a mercury-in-glass ther- 
mometer. Replace o r  re turn  t o  the manufacturer any un i t  which 
does not  meet specif icat ions.  
1.3.5 Balance - A balance w i t h  a capacity of 300 g f0.5 g is 
needed t o  determine moisture. 

Check fo r  damage against  a series of standard weights upon 
receipt and before each use.  Replace o r  re turn  t o  the manufac- 
t u r e r  i f  damaged or  i f  it does not meet specif icat ions.  

~ 

1.3.6 Analytical Balance - An analy t ica l  balance capable of 
weighing t o  within 0 .1  mg is needed for  preparation of the stan- 
dard f luoride solut ion and the ana ly t ica l  reagents. Check the 
balance frequently w i t h  Class S weights. 

1.3.7 Constant Temperature Bath - For optimum measurement of 
t he  sample concentration, a water bath i s  needed t o  maintain a 
constant room temperature. This bath must maintain a constant 
temperature of  f l°C (1.8OF) i n  the room temperature range. 

perature constancy. 

1.3.8 Speetropkotometer - A spectrophotometer i s  required f o r  
determining the absorbance of  the sample and the ca l ibra t ion  
standards a t  a wavelength of 570 nanometers using a 1-cm path- 

Check upom'receipt and before each u s e  for  damage and t e m -  

length. , -. 
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Check the spectrophotometer upon receipt and before each 
use for proper operation according to the manufacturer's manual. 

1.3.9 Spectrophotometer Cells - Glass cuvettes with 1-cm gath- 
length are required to contain sample and standards during the 
absorbance measurements. Check upon receipt and before each use 
for cracks or scratches on optical surfaces. Replace the cuvet- 
k s  necessary. 
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TABLE 1.1. ACTIVITY MATRIX FOR PROCUREMENT OF APPARATUS 
AND SUPPLIES 

Apparatus 

Sampl i ng 

Probe l i n e r  

Probe nozzle 

P i t o t  tube 

D i f f e r e n t i a l  
pressure 
gauge ( i n -  
c l  ined ma- 
nometer) 

F i  1 t e r s  

Acceptance l i m i t s  

Speci f i ed materi  a1 o f  
construction; equipped 
w i t h  heat ing system 
capable of maintaining 
1 20'fl 4*C (248' A25'F) 
a t  the e x i t  

S ta i  nll ess s tee l  (31 6) 
w i t h  sharp, tapered 
angle ~30'; d i f f e r -  
ence i; measured diam- 
eters  - (0.1 mm (0.004 
in . ) ;  no nicks, dents, 
o r  corrosion 

Type S (Meth 2, Sec 
3.1.2); attached t o  
probe w i t h  impact 
(high pressure) opening 
plane even w i th  or 
above nozzle ent ry  
plane 

Meets c r i t e r i a  (Sec 
3.1.2) ; agrees w i t h i n  
5% o f  gauge-oil 
ma nome t e r  

Capable o f  withstand- 
i n g  temperatures t o  
135OC (275OF), 95% 
c o l l e c t i o n  e f f i c i ency  
f o r  0.3 pm pa r t i c l es ,  
low F blank (50.015 
mg F/cm2) 

Frequency and method 
o f  measurements 

V isua l l y  check the 
probe and run the 
heating system 

V isua l l y  check upon 
rece ip t  and before 
each tes t ;  use a m i -  
crometer t o  measure 
I D  before f i e l d  use 
a f t e r  each repa i r  

V isua l l y  check for  
v e r t i c a l  and hor i -  
zontal t i p  alignments; 
check the conf i gura- 
t i o n  and the clear-  
ances; ca l i b ra te  
(Sec 3.9.2) 

Check against  a gauge- 
o i l  manometer a t  a 
minimum o f  three 
points:  0.64(0.025); 
12.7 (0.5); 25.4(1.0) 
mm ( in . )  H20 

Check each batch f o r  
F blank Val ues, 
v i s i b l y  inspect f o r  
p i n  holes o r  f laws 

Action i f  
requirements 
are  not met . 

Repair, re tu rn  
t o  suppl ier ,  
or r e j e c t  

Reshape and 
sharpen, re- 
t u rn  t o  the 
suppl ier ,  o r  
r e j e c t  

Repair o r  re- 
t u r n  t o  sup- 
p l  i e r  

~~ 

As above 

Reject batch 

(continued) 
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Leak free; bo ros i l i ca te  
glass 

TABLE 1.1 (continued) 

V isua l l y  check before 
use 

F i  1 t e r  holder 

Four impingers , standard 
stock glass; pressure 
drop no t  excessive 

Visual l y  check upon 
receipt ;  check pres- 
sure drop 

Return t o  
suppl ier  

225 mm (1 in.)  a t  
380 mm (15 in. )  Hg 

Condenser 

cury U-tube manometer 
upon rece ip t  

I 

Check upon rece ip t  I 

f o r  leaks and capaci- 
t Y  

As above 

Vacuum gauge Adjust o r  re-  
t u r n  t o  sup- 
p l  i e r  

Vacuum pump Leak free; capable o f  
maintaining f low ra te  
o f  0.02-0.03 m3/min 
(0.7 t o  1.1 ft3/min) 
f o r  pump i n l e t  vacuum 
o f  380 mm (15 in.)  Hg 

Repair o r  re- 
t u r n  t o  sup- 
p l  i e r  

Baromete r Capable o f  measuri ng 
atmospheric pressure 
k2.5 rmn (0.1 in.)  Hg 

O r i  f i ce meter  AH@ o f  46.742 6.35 mm 
(1.84 f 0.25 in . )  H20 
a t  20°C (68OF); 
opt i onal 

Check against a mer- 
cury-in-glass barom- 
e t e r  o r  equivalent; 
ca l i b ra te  (Sec 3.1.2) 

Upon receipt ,  v isual-  
l y  check f o r  damage; 
ca l i b ra te  against wet 
t e s t  meter 

Determine COP 
rec t i on  fac- 
t o r ,  o r  r e j e c t  
i f  d i f fe rence 
more than 22.5 
mm (0.1 in.) 
Hg 

Repair o r  re-  
t u r n  t o  sup- 
p l  i e r  

Dry gas meter Capabl e o f  measuring 
volume w i t h i n  kZ% a t  a 
f low r a t e  o f  0.02 
m3/min (0.7 ft3/min) 

Check f o r  damage upon 
rece ip t  and ca l i b ra te  
(Sec 3.9.2) against 
wet t e s t  meter 

Reject i f  dam- 
aged, behaves 
e r r a t i c a l l y ,  
o r  cannot be 
proper ly ad- 
justed 

(continued) 
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TABLE 1.1 (continued) 

Apparatus 

Thermometers 

Sampl e Recovery 

Probe l i n e r  and 
probe nozzle 
brushes 

Wash bo t t l es  

Storage con- 
t a i  ner 

Graduated 
cyl i nder 

Funne 1 

Rubber po l  ice- 
man 

Frequency and method 
Acceptance l i m i t s  o f  measurements 

& l 0 C  (2OF) o f  t rue  Check upon rece ip t  
value i n  the range o f  f o r  dents or bent 
Oo t o  25OC (32O t o  77OF) stem, and ca l i b ra te  
f o r  Smpinger thermometer (Sec 3.9.2) against 
and &3OC (5.4OF) o f  t r u e  mercury-in-glass 
value i n  the range o f  
O°C t o  90°C (32O t o  
194OF) f o r  dry  gas 
meter  thermometers 

thermometer 

Nylon b r i s t l e s  w i t h  
s ta in less s tee l  han- damage upon rece ip t  
dles; proper ly  s ized 
and shaped 

V isua l l y  check f o r  

I 

I 

Polyethylene o r  glass, 
500 m l  damage upon rece ip t  

V isua l l y  check f o r  

High-density polyeth- V isua l l y  check f o r  
ylene, 1000 m l  damage upon receipt ;  

be sure caps make 
proper seals 

Glass, Class A, 250 m l  Upon receipt ,  check 
f o r  stock number, 
cracks, breaks, and 
manufacturer f laws 

Glass, diameter 100 om; Visua l ly  check f o r  
stem length 100 mm 

Properly sized V isua l l y  check f o r  

damage upon rece ip t  

.damage upon rece ip t  

K c t i o n  i 7  
requirements 
are no t  met 

Reject if un- 
able t o  c a l i -  
brate 

Replace o r  re- 
t u r n  t o  sup- 
p l  i e r  

As above 

As above 

As above 

As above 

As above 

(continued) 
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TABLE 1.1 (continued) 

Apparatus 

Pipettes, vol  u- 
metr ic  f lask ,  
beaker, f l a s k  
adapter, con- 
denser, con- 
nect i on tube, 
E r  1 enmeyer 
f lask 

D i  s t  i 11 a t i  on 
Apparatus 

Burpen burner 

Crucible 

Anal t i c a l  h 
H o t  p la te  

E l e c t r i c  muf f le  
furnace 

Acceptance l i m i t s  

Glass, Class A 

Capable o f  d i s t d l l i n g  
220 m l  i n  4.5 min 

Nickel  mater ia l  ; 75- 
100 m l  

Heating capacity o f  
5OOOC (932OF) 

Heating capacity o f  
600% (1112OF) 

Frequency and method 
o f  measurements 

Upon receipt ,  check 
f o r  stock number, 
cracks, breaks and 
manufacturer f laws 

V isua l l y  check upon 
receipt ;  check heat- 
i n g  capacity, check 
f o r  damage 

Check upon rece ip t  
f o r  cracks o r  f laws 

Check upon rece ip t  
and before each use 
f o r  damage; check 
heat: ng capacity 
against mercury-in- 
glass thermometer 

Check upon rece ip t  
and before each use 
for damage; check 
heating capacity 
upon rece ip t  against 
mercury-i n-gl ass 
thermometer 

Action i f  
requirements 
are not met 

Replace o r  re- 
t u r n  t o  sup- 
p l  i e r  

Replace o r  re- 
t u r n  t o  manu- 
f acturer  

Replace o r  re- 
t u r n  t o  manu- 
fac tu rer  

Replace or re- 
t u r n  t o  manu- 
f acturer  

Replace o r  re- 
t u r n  t o  manu- 
facture r 

(continued) 
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Frequency and method 
of measurements Apparatus Acceptance limits 

Action i f  
requirements 
are not met 

Ba 1 ance Capacity of 300 g k0.59 Check f o r  damage and 
against ser-ies o f  
standard weights upon 
reeeipt and before 
each use 

Replace or re- 
t u r n  t o  manu- 
facturer 

Indicating Type 6-16 
mesh 

I 1 -  I 

Upon receipt check 
label for  gPade or 
cer t i  f icatiorr 

Water bath 

Must  conform t o  ASTM- 
D1193-74, Type 3 

Spectropho- 
tometer 

Check each l o t  

Capable o f  mai ntai n i  ng 
constant room tempera- in-glass thermometer 
ture 

Check wi t h  mercury-. 

Crushed ice 

Capable o f  measuring 
absorbance at  570 nm 
and providing 21 cm 
l ight  path facturers I operati ng 

Check upon receipt 
and before each use 
f o r  damage; see manu- 

manual 

Check frozen condition 

Repair 

Stopcock grease 

Replace or re- 
t u r n  t o  manu- 
f acturer 

Acetone insoluble, and Upon receipt, check As above 
heat stable si l icon label fo r  grade or  
grease cer t i f icat ion 

Reagents 

Fi 1 t e r s  

Si l ica  gel 

Whatman No. 541 o r  
equivalent 

Visually check f o r  
damage upon receipt 

Replace o r  re- 
t u r n  t o  sup- 
p l  ier 

Replace or re- 
$urn t o  manu- 
facturer 

I I I 
I 

Distilled water Replace or  re- 
t u r n  t o  manu- 
facturer 

I 1 I 

I I I 

(cont inued)  
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TABLE 1.1 (cont i  nued) 

Action i f  - 
requirements 
are not met 

Frequency and method 
o f  measurements 

Reagents 

Calcium oxide Reagent grade o r  cer- 
powder I t i f i e d  ACS 

As above As above 

Phenolphthalein 0.1% i n  1:l ethanol- 
water mixture; reagent 
grade o r  c e r t i f i e d  ACS 

As above As above 

Sodium hy- 
drox i  de 

NaOH p e l l e t ,  5M NaOH 
reagent grade o r  cer- 
t i f i e d  ACS 

As above As ahove 

- -  

As above SulFuric ac id  Concentrated, reagent 
grade o r  c e r t i f i e d  ACS; 
25% (v/v) reagent grade 
o r  ACS 

As above 

S i l v e r  sul f a t e  
powder 

Reagent grade o r  c e r t i -  
f i e d  ACS 

Upon receipt ,  check 
label  f o r  grade o r  
c e r t i f i c a t i o n  

Replace o r  re- 
t u r n  t o  manu- 
fac tu rer  

Hy d r oc h 1 o r i c 
ac id  

Concentrated, reagent 
grade o r  e e r t i f i e d  ACS 

As above 

1 I 

I I 
Sodi  urn f 1 uor i  de 

so lu t ion  
0.01 mg F/ml , reagent 
grade o r  c e r t i f i e d  ACS 

As above As above 

~~~ 

As above 

~~~ 

As above SPADNS solu- 
t i o n  

Dissolve 0.960 + 0.010 
g Olf SPADNS reagent, 
4,5-di hydroxy- 3- (p- 
sul  fophenyl az0)-2,7- 
naphthalenedisulfonic 
ac id  tri sodi um s a l t ,  
reagent grade o r  cer- 
t i f i e d  ACS 
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Frequency and method 
Action if 
requi remen.ts 

Apparatus I '  Acceptance 1 imi ts I of measurements I are not met 
I I 

Reference 
solution 

Add 10 ml SPADNS solu- 
tion to 100 ml dis- 
tilled water; dilute 
7 ml conc HC1 to 10 
ml with distilled 
water; add to diluted 
SPADNS solution; rea- 
gent grade or certi- 
f i ed ACS 

As above As above 

SPADNS mixed 
reagent 

Dissolve 0.135 + 0.005 
g [ZrOC12*8H20] in 25 
ml distilled water; add 
350 ml conc HC1; dilute 
to 500 ml with distilled 
water; mix equal volumes 
of SPADNS solution and 
the above zirconyl acid 
reagent; reagent grade 
or certified ACS 

As above As above 
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2.0 CALIBRATION OF APPARATUS 

Calibration of apparatus is one of the most important func- 
t ions  i n  maintaining data  quali ty.  The detai led ca l ibra t ion  
procedures included i n  this section are  designed fck the equip- 
ment specif ied i n  Method 13A and described i n  the previous 
sect ion (Section 3.9.2).  A laboratory log  book of a l l  C a l i -  

brations must be maintained. T a b l e  2.1 a t  the end of thir 
sect ion summarizes the qual i ty  assurance activities for ca l i -  
bration. This  section is  the same as  Method 13B (Section 3.9.2) 
w i t h  the  exception of the ca l ibra t ion  of the spectrophotometer 
as detai led below. 

2 .1  Spectrophotometer 

An i n i t i a l  ca l ibra t ion  curve should be made t o  check the 
operation of the spectrophotometer. Conduct the check as  fol- 
lows : 

1. Prepare the blank standard by adding 10 m l  of SPADNS 
mixed reagent t o  50 m l  of d i s t i l l e d  water. 

2.  Pipe t te  2.0,  4.0, 6.0, 8 .0,  10.0, 12.0,  and 14.0 m 1  o f  
the standard f luoride working solut ion in to  separate 100-ml 
volumetric flasks. D i l u t e  t o  the mark wim d i s t i l l e d  water. 

3.  Pipet te  5 0  m l  of each d i lu t ion  in to  100-ml beakers; 
then p ipe t te  10.0 m l  of SPADNS mixed reagent i n to  each and mix. 
These standards w i l l  contain 0 ,  10,  20, 30, 40, 50, 60, and 70 
pg F, respectively. 

4.  Place the reference standards and the reference solu- 
t i o n  i n  a constant temperature bath f o r  30 min before reading 
the absorbances w i t h  the spectrophotometer. The bath must be 
within f 3 O C  (5.4OF) of ambient temperature. 

‘5. S e t  the spectrophotometer a t  570 mu and use the refer- 
ence solut ion t o  set  a t  zero absorbance. 

6 .  Determine the absorbance of the standards. Record 
data  on the standard data form as shown in Figure 2.1.  G ” 2  7 
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Spectrophotometer number J= /oo Analyst c1 &. 
Cal ib ra t ion  date f h 5 / # 0  SPADNS mix date 4/</h 

Ambient temperature 22 *C Bath temperature J /  O C  

Yes no 

no 

Spectrophotometer set a t  570 nm L/ 
4 

Reference solution used t o  set  zero absorbance / yes 

0.6 

0.5 

. 0.4 
rn 
0 

QI 
L 

2 0.3 
2 
2 
L 

a 
0.2 

0.1 

0 
pg o f  f luoride per 50 m l  

Signature of Analyst 
Signature o f  Reviewer 

U x 
Figure 2.1. Fluoride ca l ib ra t ion  curve. 
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7. The wavelength calibration should be checked initially 
and yearly thereafter. This can be done using a didymium fil- 
ter. See suppliers instructions for its use. The wavelength 
should agree within f10 nm. If not, contact the manufacturer's 
representative for adjustment. 
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TABLE 2.1. ACTIVITY M A T R I X  FOR CALIBRATION OF EQUIPMENT 

Apparatus 

Wet t e s t  meter 

Dry gas meter 

Thermometers 

Barometer 

Probe nozzle 

Acceptance l i m i t s  

Capacity o f  >3.4 m3/h 
(1 20 f t3 /h )  ;-accuracy 
w i t h i n  i L O %  

Y .  = Y f 0.02 Y a t  
f l o w  r a t e  o f  0.02 - 
0.03 m3/min (0.7 - 
1.1 ft3/min) 

Impinger thermometer - +l°C ( 2 O F ) ;  dry gas 
meter  thermometer - +3OC (5.4OF) over 
appl icable range 

- +2.5 'mm (0.1 in . )  Hg o f  
mercury- i n-g1 ass barom- 
e te r  

Average three I D  mea- 
surements o f  nozzle; 
d i f ference between high 
and l o w  ~ 0 . 1  mm 
(0.004 iz.) 

Frequency and method 
o f  measurement 

Cal i b r a t e  in! t i a l  l y  
and year ly  by 1 i q u i d  
d i  spl acement 

Cal ibrate w i t h  wet 
t e s t  meter  i n i t i a l l y  
t o  agree w i t h i n  Y f 
0.02 Y and when post- 
t e s t  check i s  not 
w i t h i n  Y f 0.05 Y 

Cal ibrate each i n i -  
t i a l l y  against  a 
mercury-in-glass 
thermometer; before 
f i e l d  t r i p  eompare 
each w i t h  mercury- 
i n-g1 ass thermometer 

Cal i brate i 'n i  t i a l  l y  
vs mereury-i n-g1 ass 
barometer; check 
before and a f t e r  
each f i e l d  t e s t  

Use a micrometer t o  
measure t o  near- 
e s t  0.025 mm (0.001 
in . )  

Action i f  
requirements 
are not met 

Adjust t o  
meet speci f i - 
cations, o r  
re tu rn  t o  
manufacturer 

Repair o r  re -  
place, and 
then recal  i- 
brate 

Adjust, de- 
termine a 
constant cor- 
rec t i on  fac- 
t o r ,  o r  re -  
j e c t  

Adjust t o  
agree wi th  
c e r t  i f i  ed 
barometer 

Recalibrate, 
reshape, and 
sharpen when 
nozz 1 e be- 
comes nicked, 
dented, o r  
corroded 

(continued) 
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TABLE 2.1 (continued) 

Apparatus 

Stack tempera- 
tu re  sensor 

T r i p  balance 

P i t o t  tube - -  

Spectrophotom- 
e te r  

Wavelength 

Acceptance l i m i t s  

*1.5% o f  average abso- 
l u t e  stack temperature, 
OR 

Standard Class-S 
weights w i t h i n  k0.5 g 
o f  s ta ted value 

Type S; i n i t i a l l y  
cal  i brated accordi ng t o  
Section 3.1, Meth 2; 
tube t i p s  undamaged 

Standard solut ions 
agree w i t h i n  kZ% o f  
ca l i b ra t i on  curve 

210 nm 

Frequency and method 

Cal ibrate i n i t i a l l y ;  
check a f t e r  each 
f i e l d  t e s t  

o f  measurement 

Veri fy ca l  i b r a t i  on 
when f i r s t  purchased, 
any t ime moved o r  
subject t o  rough 
hand1 i ng , and du r i  ng 
r o u t i  ne operations 
when not w i t h i n  
f 0.5 g 

V isua l l y  check 
before each f i e l d  
t e s t  

Check standard sol u- 
t i ons  f o r  each t e s t ;  
new ca l  i b r a t i  on curve 
made when standards 
do not agree w i t h i n  
&2% o f  ex i s t i ng  curve 
o r  when SPAONS mixed 
reagent i s  newly made 

Yearly 

4 

Action if 
requirements 
are not met 

Adjust o r  
r e j e c t  

Have the 
manufacturer 
recal  i brate 
o r  ad just  

Repair o r  
rep1 ace 

Make new rea- 
gents and 
cal  i bra t ion  
curve 

Contact manu- 
fac tu rer ' s  
representa- 
t i v e  f o r  
adjustment 
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3.0 PRESAMPLING OPERATIONS 

The quality assurance activities for presampling operations 
are summarized in T a b l e  3.1. See Section 3.0, of this Handbook 
for details on preliminary site visits. This section is the 
same as Method 13B (Section 3.9.3). 
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TABLE 3.1. A C T I V I T Y  MATRIX FOR PRESAMPLING OPERATIONS 

Apparatus Acceptance l i m i t s  

Sampl i ng t r a i  n 
probe and 
nozzle 

I 

1. Probe, nozzle, and 
l i n e r  f ree  o f  contami- 
nants; constructed o f  
borosi  1 i eate g l  ass, 
quartz, o r  equivalent; 
metal l i n e r  must be 
approved by admi n i  - 
s t r a t o r  

Impi ngers , 
f i 1 t e r  
hol  dei,s, and 
glass con- 
nectors 

2. Probe leak f ree  
a t  380 mm (15 in.)  Hg 

3. Probe heating 
system prevents mois- 
t u r e  condensation 

Clean; f r e e  o f  breaks 
cracks, leaks, etc. 

Pump Sampling ra te  o f  0.02- 
0.03 m3/min (0.7 t o  
1.1 ft3/min) up t o  380 
mm (15 in . )  Hg a t  pump 
i nl e t  

Dry gas meter Clean; readings 22% o f  
o f  average c a l i b r a t i o n  
fac to r  

Frequency and method 
o f  measurements 

1. Clean i n t e r n a l l y  
by brushing w i th  tap 
water, deionized d is-  
t i l l e d  water, and 
acetone; a i r  dry 
before t e s t  

2. Visual- ly check 
before t e s t  

3. Check heating 
system i n i t i a l l y  and 
when moisture cannot 
be prevented during 
t e s t i n g  (Sec 3.4.1) 

Clean w i t h  detergent, 
tap water, and 
deionized d i s t i l l e d  
water 

Service every 3 mo 
o r  upon e r r a t i c  be- 
havior; check 
o i l e r  j a r s  every 10 
tes ts  

Cal ibrate according 
t o  Ses 3.4.2; check 
f o r  excess o i l  

Action if 
requirements 
are not met 

1. Repeat 
cleaning and 
assembly pro- 
cedures 

2. Replace 

3. Repair o r  - -  

rep1 ace 

Repair o r  
d iscard 

Repair o r  re- 
t u r n  t o  manu- 
fac tu rer  

~~ 

As above 

(continued) 
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TABLE 3.1 (corl t i  nued) 

Apparatus 

F i  1 t e r s  

Frequency and method 
o f  measurements Acceptance 1 i m i  t s  

No i r r e g u l a r i t i e s ,  
f laws, pinhole leaks; - (0.015 mgF/cm2 

Visual ly  check before 
test ing;  check each 
l o t  o f  f i l t e r s  f o r  F 
content 

Water Deionized d i s t i l l e d  
conforming t o  
ASTM-D1193-74, Type 3 

Run blank evapora- 
t i ons  before f i e l d  
use t o  e l iminate high 
sol ids  (only required 
i f  impinger contents 
t o  be analyzed) 

Stopcock grease Acetone insoluble;  Check label  upon 
heat s tab le rece ip t  

R ig id  container l i n e d  P r io r  t o  each ship- I w i t h  polyethylene foam I ment 
Probe 

Impi ngers , con- 
nectors, and 
assbrted 
glassware 

R ig id  contai ner 1 i ned 
w i t h  polyethylene foam 

As above 

Pump 

Meter  box 

Sturdy case l i ned  w i t h  
polyethylene foam ma- 
t e r i a l  i f  not p a r t  o f  
meter box 

Meter box case and/or 
addi t ional  mater ia l  t o  
p ro tec t  t r a i n  compon- 
ents; pack spare meter 
box 

w 

As above 

As above 

Wash b o t t l e s  
and storage 
containers 

R i  g i  d foam- 1 i ned con- 
t a i  ner 

As above 

requirements 
are not met 

Repl ace 

R e d i s t i l l  o r  
rep1 ace 

Repl ace 

Repack 

As above 

As above 

As above 

i 
As above .a 
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4 .0  ON-SITE MEASUREMENTS 

The on-site activities include transporting equipment to 
the test site, unpacking and assembling the equipment, making 
duct measurements, performing the velocity traverse, determining 
molecular weights and stack gas moisture contents, sampling for 
particulates, and recording the data. Table 4.1 summarizes the 
quality assurance activities for on-site activities. Blank data 
f o m  are in Sections 3.9.12 and 3.10.12 for the convenience of 
the Handbook user. This section is the same as Method 13B 
(Section 3.9.4). 

.--. 
\ 
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TABLE 4.1. A C T I V I T Y  MATRIX FOR ON-SITE MEASUREMENT CHECKS 

Apparatus 

Sampl i ng 

F i  1 t e r  

Condenser 
(add i t ion  o f  
reagents) 

Assembling 
samp 1 i ng 
t r a i n  

Sampl i ng 
(i soki net i - 
cal  l y )  

Acceptance l i m i t s  

Centered i n  holder; no 
breaks, damage, o r  con- 
tamination dur ing 
1 oadi ng 

100 m l  o f  d i s t i l l e d  
water i n  f i r s t  two 
impingers; 200-300 g o f  
s i l i c a  gel i n  fou r th  
impi nger 

1. Speci f i cations 
i n  F i g  1.7 

2. Leak r a t e  (4% of 
sampling volume o r  
0.00057 m3/mi n (0.02 
f t3/min),  whichever i s  
1 ess 

1. Within 210% of 
i soki ne t i c  condi t ion 
and a t  a r a t e  o f  less 
than 1.0 f t3/min 

2. Standard checked 
f o r  minimum sampl i ng 
time and volume; sam- 
p l  i ng t i m e  22 min 
p o i n t  

Frequency and method 
of measurements 

Use tweezers o r  surg- 
i c a l  gloves t o  load 

Use graduated cy l inder  
t o  add water, o r  weigh 
each impinger and i t s  
contents t o  the near- 
e s t  0.5 g 

1. Check specif ica- 
t i ons  before each 
sampling run 

2. Leak check before 
sampl i ng by p l  uggi ng 
nozzle or i n l e t  t o  
f i r s t  impinger and 
p u l l i n g  a vacuum of 
380 mm (15 i n . )  Hg 

1. Calculate f o r  
each sample run 

2. Make a quick ca l -  
cu la t i on  before t e s t ,  
and exact ca l  cul a t ion  
a f t e r  

Action i f  
requi rements 
are not met 

Discard f i l -  
t e r ,  and 
re1 oad 

Reassemble 
system 

- -  

1. Reassem- 
b l e  

2. Correct 
the leak 

1. Repeat 
the test run 

2. As above 

(cant i nued) 
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TABLE' 4 . 1  (continued) 

Apparatus 

Sample recover3 

Samp 1 e 
logis t ics ,  
data collec- 
t ion ,  and 
packing of 
equipment 

Acceptance 1 imits 

3. Minimum number o f  
points specified by 
Method 1 

4. Leakage rate  
<0.00057 ms/min (0.02 
' i t s /min )  o r  4% o f  the 
average sampling vol- 
ume, whichever i s  less 

Noncontamtnated sample 

1. A 3 1  data recorded 
correctly 

2. A 1  1 equipment exam- 
ined for  damage and 
labeled for  shipment 

3. A l l  sample contain- 
ers and blanks properly 
labeled and packaged 

Frequency and method 
o f  measurements 

3. Check'before the 
f i r s t  t e s t  r u n  by mea. 
swing  duct and using 
Method 1 

4. Leak check a f t e r  
each t e s t  r u n  or  be- 
fore equipment re- 
placement duri ng t e s t  
a t  t h e  maximum vacuum 
during the t e s t  (man- 
datory) 

Transfer sample t o  
labeled polyethylene 
container a f t e r  each 
test run ;  mark level 
o f  so lu t ion  in the 
container 

1. After each t e s t  
and before packing 

2. As above 

3. Visually check 
after each sampJing 

Action i f  
requirements 
are no t  met 

3. Repeat 
t h e  procedure 
t o  comply 
w i t h  speci f i- 
cations o f  
Method 1 

4. Correct 
the sample 
volume or  re- 
peat the Sam- 
pling 

Repeat the 
sampl i ng 

1. Complete 
the data 

2. Repeat 
the sampling 
i f damage 
occurred dur- 
i ng  the t e s t  

3. Correct 
when possible 



. .  
' I .  . .  
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5.0  POSTSAMPLING OPERATIONS 

The postsampling operations include checks on the  apparatus 
used i n  the  f i e l d  during sampling t o  measure volumes, tempera- 
t u r e s ,  and pressures ,  and analyses of the samples collected i n  
the f i e l d  and forwarded t o  the base laboratory.  Table 5.1 a t  
the end of this sec t ion  summarizes the qua l i ty  assurance activi-  
t ies f o r  t h e  postsampling operations.  

The postsampling checks on the sample co l l ec t ion  t r a i n  are 
the same as f o r  Method 1 3 B  (Section 3.9.5). The ana ly t i ca l  
method i s  d i f f e r e n t  w i t h  exception of some of the sample prepa- 
r a t ion .  The e n t i r e  ana ly t i ca l  procedure i s  de ta i l ed  below. 

- - 5.1 Base Laboratory Analysis 

All f luo r ide  samples should be checked by the analys t  upon 
receipt i n  the base laboratory f o r  i d e n t i f i c a t i o n  and sample 
i n t e g r i t y .  Any l o s ses  should be noted on the ana ly t i ca l  da ta  
form (Figure 5.1) .  E i t h e r  void the sample o r  c o r r e c t  the data 
using a techniqlue approved by the adminis t ra tor .  If a notice- 
able amount of  sample has been lost by leakage, the following 
procedure may be used t o  c o r r e c t  the volume. 

1. 
2 .  Treat  the sample as  described i n  Subsection 5.2.3 and 

Mark the new level of the sample container.  

note the  f i n a l  dilution volume (Vsoln).  

3.  Add  water up t o  the i n i t i a l  mark on the container ,  
t r a n s f e r  the water t o  a graduated cyl inder  and record the i n i -  
t i a l  sample volume (Vsolni ) i n  mi l l i l i t e r s .  

Add water t o  the new mark on the  container.  Transfer 
the water t o  a graduated cy l inder ,  and record the  f i n a l  volume 

4. 

) i n  mi l l i l i t e r s .  ('solnf 
5 .  C o r r e c t  the volume by using t h e  following equation: 
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where 
= sample volume to be used in the calculations, ml; 

'soh = total volume of solution in which fluoride is con- 

= initial volume added to the container in the 'solni 

= final volume removed from the container in the 'solnf 

6. Both the corrected and uncorrected values should be 

'soln 

tained, ml; 

field, ml; 

base laboratory, ml. 

submitted in the test report to the agency. 

If the spent silica was not weighed in the field, weigh the 
silica gel and report the weight to the nearest 0.5 g on the 
sample integrity and recovery form. 

- -  In the SPADNS colorimetric method, the volume measurements 
of. the sample and the reagents are very important to the accura- 
cy of the determination. The temperatures of the samples and 
standards not only must be within 2 O C  (4OF), but also must be 
constant throughout color development. Calibration curves may 
be prepared for different temperatures. The analytical balance 
must be checked with Class-S standard weights before each series 
of weighings, and the data on the weighings must be recorded on 
a calibration form (Figure 5.2). 

The colorimetpic method is based on the reaction between 
flouride and a zirconium-dye; more specifically, fluoride reacts 
with t h e  dye lake, and dissociates a portion of the dye into a 

colorless complex anion (ZrFz) and the dye. As the amount of 
fluoride increases, the color either becomes progressively 
lighter or changes in hue. The reaction rate between the 
fluoride and zirconium ions is accelerated by the acidity of the 
reagent; by increasing the proportion of acid, the reaction can 
be practically instantaneous. 
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Bal ance name rAp‘;d &kkk %kb/ Number &a- 1. 43 733l 

C1 assi f i c a t i  on o f  standard weights “5 ” 

Date 0.5000 g 1.0000 g .o. 0000 g 

10. 000 

50.0000 9 

I 

r’ 

100.0000 g Analyst 

‘06.  0 0 o t  

- -  

Figure 5.2. Analytical balance calibration form. 
] y L  
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Colorimetric methods are subject to errors from interfering 
ions; thus it will be necessary to distill the sample before 
making the fluoride determination. 

Procedur'es are detailed herein for preparing reagents, 
blanks , control samples, distillation aliquots, reference and 
working standards, and measuring the fluoride in samples. 

5.2.1 Reagents '- The following reagents are needed for the 
analyses of fluoride samples. 

certified grade containing ~ 0 . 0 0 5 %  fluoride. 

mixture (v/v). 

or the equivalent. 

grade or the equivalent. 

1. Calcium oxide (CaOl - ACS reagent grade powder or ACS 
2. Phenolphthalein indicator - 0.1% in 1:l ethanol-water 

3. Sodium hydroxide (NaOH) - Pellets, ACS reagent grade 
4. Sulfuric acid ( H 9 S 0 4 )  - Concentrated, ACS reagent 

- 

5 .  
6 .  

Filters - Whatman No'. 541 or the equivalent. 
Water - Deionized distilled to conform to ASTM speci- 

fication D1193-74, Type 3. The analyst may omit the KMnO4 test 
for oxidizable organic matter if high concentrations of organic 
matter are not expected. 

7. Silver sulfate - ACS reagent grade or the 
equivalent. 

8. Hydrochloric acid (HCl), - Concentrated, ACS reagent 
grade or the equivalent. 

9. Sodium fluoride (NaF) standard - Dissolve 0.2210 g f 
0.0005 g ACS reagent grade NaF, which has been dried for a mini- 
mum of 2 h at llO°C (230OF) and stored in a desiccator, in 
deionized distilled water, and dilute to 1-a with deionized 
distilled water; this solution contains 0.1 mgF/ml. 

10. Sodium fluoride (NaF) working standard - Pipette 100 
ml of the NaF standard into a 1 - A  volumetric flask and dilute to 
mark with deionized distilled water; this solution contains 0.01 
mg F/ml. 

- 

t 
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11. SPADNS solution - Dissolve 0.960 f0.010 g of SPADNS 
reagent 4,s dihydroxy-3-(parasulfophenylazo)-2,7-naph~alened~~ 
sulfonic acid trisodium salt (a lso  called sodium 2-(parasulfo- 
phenylazo)-1,8-dihydroxy-3,6-naphthalenedisulfonate) in dis- 
tilled water, and dilute to 500 ml; this solution is stable for 
about 1 mo if stored in a well-sealed bottle and protected from 
direct sunlight. 

12. Reference solution - Add 10 ml of SPADNS solution to 
100 ml of distilled water; dilute 7 ml of concentrated HCI to 10 
ml With distilled water and add it to the diluted SPADNS solu- 
tion. Prepare the reference solution fresh daily and use it to 
set the spectrophotometer zero point. 

13. SPADNS mixed reagent - Dissolve 0.135 f0.005 g of 
zirconyl chloride octahydrate (ZrOC12 8H20) in 25 ml of dis- 
tilled water; add 350 ml of concentrated HC1; and finally dilute 
td 500 ml with distilled water to get the zirconyl acid reagent. 
Then, mix equal volumes of the SPADNS solution and zirconyl acid 
reagent to produce the SPADNS mixed reagent, which is stable f o r  
at least 2 mo. 
5.2.2 Blanks - The three blanks needed for the analysis are a 
filter blank to ensure that the quality of the filter is accept- 
able, a distillation blank to protect against cross contamina- 
tion, and a sample blank to analyze with the samples to verify 
the purity of the reagents used in sampling and analysis. 

1. . Filter blanks = Determine the fluoride content of the 
sampling filters upon receipt of each new lot of and at least 
once for each test series. Initially, select three filters 
randomly from each lot. 

a. Add each filter to 500 ml of distilled water. 
b. Treat the filters exactly like a sample (Subsec- 

tion 5.2.3). 
c. Use a 200-ml aliquot for distillation. The 

fluoride concentration of the filter blank must be (0.015 mg 
F/cm2; if not, reject this batch and obtain a new supply o f  
filters. I p ' i  
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2 .  Distillation blank = Check t h e  condition of the acid 
in t h e  distillation f l a s k  (Subsection 5 . 2 . 5 )  f o r  cross-contami- 
nation after every 10th sample by adding 220 ml of distilled 
water to the still pot and then proceed w i t h  the analysis. If 
detectable amounts of fluoride (>0.1 pg F/ml) are found in the 
blank, replace the acid in the distillation flask. 

3 .  Sample blank Prepare the  sample blanks in the field 
at the same time and with the same reagents used for sample 
recovery. 

a. Add an unused filter from the same batch used in 
sampling to a volume of distilled water equal to the average 
amount used to recover the samples. 

b. Treat the sample blank in the same manner as the 
8mples are treated (Section 5 . 2 . 3 ) .  Analyze the sample blanks 
with the  samples. 

5.2.3 Sample Preparation - Use the fallowing procedure to pre- 
pare samples for distillation. Distillation is not required if 
it can be shown to the satisfaction of the Administrator that 
fluoride results are unaffected by the alternate analytical pro- 
cedure (e.g., ash and fusion of particulate matter with subse- 
quent ion selective electrode analysis, or direct electrode 
analysis of gases trapped in impingers). 

1. Filter the contents of the sample container (including 
the sample filter) through a Whatman No. 541 filter or the 
equivalent i n t o  a 1500-ml beaker; if the filtrate volume is ~ 9 0 0  
ml, add NaOH to make the filtrate basic to phenolphthalein, and 
then evaporate to (900 ml. 

2 .  Place the Whatman No. 541 filter containing the in- 
oolubles (including the sample filter) in a nickle crucible, add 
Q few milliliters of water; and macerate the filter w i t h  a glass 
rod. 

Add 100 mg or sufficient quantity of CaO to the  nickel 
crucible to make the slurry basic; mix thoroughly; and add a 
couple drops of phenolphthalein indicator, which turns pink in a 

3 .  

basic medium. Note: If the slurry does not remain basic (p ink)  
:j w?,, 
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during the evaporation of the water, f luoride w i l l  be l o s t ;  i f  
the slurry becomes colorless,  it is acidic so add CaO u n t i l  the 
pink returns.  

4 .  Place the crucible i n  a hood area either under in- 
frared lamps or  on a hot p la te  a t  low heat (approximately SO- 
60y(;)F I ( 122-I4O0F) / and evaporate- -the-*water -c#imp:Lete&g~ 
glace 'the crucible on a hot p l a t e  under a hood and slowly in- 
crease the temperatue for several hours o r  u n t i l  the f i l t e r  .is 
charred. 

Place the crucible i n  a cold muffle furnace and gradu- 
a l l y  ( t o  prevent smoking) increase the temperature t o  600'C 
(1112'F); maintain the temperature until the crucible contents 
are  reduced t o  an ash containing 'no organic materials; and 
remove the crucible from the furnace t o  cool. 

6. A d d  approximately 4 g of crushed NaOH pellets t o  the 
crucible, and mix; return the crucible t o  the furnace, and fuse 
the sample for 10 min a t  6OOOC (1112'F); and then remove the 
sample from the furnace, and cool it t o  ambient temperature. 

U s e  several  r insings of warm dist i l led water t o  trans- 
f e r  the contents of the crucible t o  the beaker containing' the 
f i l t r a t e  (s tep 1) and f ina l ly ,  r inse  the crucible w i t h  two 20-ml 
portions of 25% (v/v) H2S04, and carefully add the rinses t o  the 
beaker. 

8 .  Mix' well, and t ransfer  the beaker contents t o  a 1 4  

(Figure 5.1). D i l u t e  t o  volume w i t h  dist i l led water, and mix 
thoroughly; and allow any undissolved sol ids  t o  s e t t l e .  

5.2.4 Acid-water Ratio - The acid-water r a t i o  i n  the d i s t i l l a -  
t ion  flask should be adjusted by following this procedure. U s e  
a protective shield when carrying out the procedure. 

5 .  

7 .  

volumetric flask.  Record the volume -.as Vt o orm 

1. Place 400 ml of  d i s t i l l ed  water i n  the 1-2 d i s t i l l i n g  
flask,  and add 200 ml of concentrated H 2 S 0 4 .  .Sl,owly add the 
H2S04 , while constantly swirling the flask.  

2, . A d d  s o f t  glass beads and several small pieces of 
broken glass tubing, and assemble the apparatus. :/ '3, cj/ s 

I 
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3. Heat the flask until it reaches a temperature of 175OC 
(347OF), and discard the distillate, and hold the flask for 
fluoride separation by distillation. 

5.2.5 Fluoride Separation (Distillation) - Fluoride can be 
separated from other constituents in the aqueous sample by dis- 
tilling fluosilicic (or hydrofluoric) acid from a solution of 
the sample in an acid with a higher boiling point. Samples with 
low concentrations of fluoride ( e . g . ,  samples from an outlet of 
a scrubber) should be distilled first to eliminate contamination 
by carryover of fluoride from the previous sample. I f  fluoride 
distillation in the milligram range is to be followed by distil- 
lation in the fractional milligram range, add 200 ml of de- 
ionized distilled water and redistill similar to the acid ad- 
j ustment procedure, Subsection 5.2 . 4, to remove residual fluo- 
ripe from the distillation system. 

1. Cool the contents of the distillation flask (acid- 
water adjusted) to <8OoC (176OF). 

2. Pipette an aliquot of sample containing (10.0 mg F 
into the distillation'flask, and add distilled water to make 220 
ml. The aliquot size (At) should be entered on the data fona 
(Figure 5.1). Note: - For an estimate of the aliquot size "chat 
contains - (10 mg F, see Subsection 5.2.7. 

3. Add 5 mg silver sulfate (Ag2S04);/mg chloride to the 
distillation flask: if the sample contains chloride, use proce- 
dures described in Subsection 5.2.8 to determine the chloride 
concentration. 

4. Place a 250-ml volumetric flask at the condenser exit; 
heat the  distillation flask as rapidly as possible with a burn- 
cr, while moving the flame up and down the sides of the f l a s k  to 
prevent bumping: conduct the distillation as rapidly as possible 

. 

(- (15 min). Slow distillations have been found to give low 
fluoride recoveries. Collect a l l  distillate up to 175OC 
(347OF). Caution: Heating >17SoC (347OF) will cause H2S04 to 
distill over. Note: The H2S04 in the distillation flask can be 

/ 7& 
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reused until carryover of interferent or until poor fluoride 
recovery is shown by the distillation blanks or the control 
samples 

5. Before distilling the field samples and after every 
tenth distillation of any sample, distill a control sample to 
check the analytical procedures and interferences (Subsection 
5.2.6). 

5.2.6 Control Samples = A control sample should be used to 
verify the calibration curve and the distillation recovery 
before and during the analysis of the field samples. Use the 
following procedures. Data should be recorded on the control 
sample analytical data form (Figure 5.3). 

1. 125 mg F/a NaF control sanmle stock solution - Add 
0.276 g of reagent grade anhydrous NaF to a 1-a volumetric 
fl’ask; add enough distilled water to dissolve; and dilute to 1-a 
with distilled water. 

2. 2.5 mg F/a NaF distillation solution - Pipette 20 ml 
of the 125 mg F/a stock solution into a 1-a volumetric flask, 
and dilute to the mark with distilled water to get the 2.5 mg 
F/B NaF distillation solution. Distill 200 ml of this solution 
according to Subsection 5.2.5. 

3. Pipette 4.0 ml of the control sample stock solution 
into a 250-ml volumetric flask and dilute t‘o the mark w i t h  dis- 
tilled water. Analyze this solution colorimetrically in the 
same manner as the samples are analyzed (Subsection 5.2.10). 

5.2.7 .Distillation Aliquot = The sample volume for distillation 
should contain (10 mg F. Use the following procedure to esti- 
mate the aliquot size. 

1. 
beaker. 

Pipette a 1.0-ml aliquot of sample into a polyethylene 

2 .  Add 50 ml of disti1le.d water. 
3 .  Analyze by the procedure described in 5.2.10. 



Section No. 3.10.5 
Revision No. 0 
Date January 4, 1982 
Page 11 of 18 

P1 ant flcme f e  t C i  Iiz ,e r Date o f  analysis 5 8 1  h / % n  
Analyst micc h P  I I  Ambient temperature 25 'c, 
Date o f  calibration curve 5//3!fO Temp. o f  calibration curve 31 '& 

Di sti 1 1 ed 

Control sample temperature 

Absorbance of control sample 

Amount of F in control sample 
from calibration curve 

Percent error between measured 
and calculated concentration '. 

' control sample 

Undi sti 1 1  ed 

ao. I 
+ 0.570 

Were acceptable results obtained on control samples (less than 2% undis- 
tilled and (10% distilled) . 

Signature o f  analyst a.  ~ d 4  
V 

Signature o f  reviewer -il. 

Figure 5.3. Control sample analytical data form. 
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4. Determine the p g  of F in the nondistilled sample from 
the calibration cume, and determine the maximum size of the 
aliquot for distillation by substituting the amount of F ( p g )  in 
the nondistilled sample in the following equation: 

size aliquot used)(lO mg)(1000 p g l  
pg F determined (1 mg) aliquot for distillation (ml) = ( 

when a 1.0 ml nondistilled aliquot 
is used. 

- 10 , 000 - 
p g  F determined 

I f  the amount of F in the nondistilled. sample is >70 p g ,  de- 
crease the aliquot taken for this estimation and change the 
aliquot value input into the above equation. The aliquot size 
is only an approximation since the interferring ions have not 
been removed by distillation. If the estimate is >220 ml, use 
220 ml; if it is (220 ml, add distilled water to make the total 
vdlume added to the distillation flask 220 ml; if required, 
dilute the sample so that a minimum 1-ml sample aliquot is added 
to the distillation flask. 

5.2.8 Determination of Chloride - A chloride determination is 
necessary because of major interferences with Method 13A when a 
relatively high concentration of chloride ions (C1-) are present 
in the collected sample. Chloride concentration depends on the 
plant's material balance. 

The mercuric nitrate procedure is introduced here f o r  esti- 
mating how much Ag2S04 is required for removal of chloride 
interference. This procedure is easy to perform and has good 
precision and accuracy. Reagents needed for this procedure 
follow: 

1. StandLrd sodium chloride solution (NaCl), 0.141 N 
Dissolve 8.241 g NaCl (dried at 14OOC (285OF) for l-h) in chlo- 
ride-free water, and dilute to 1-2; contains 5 mg Cl/ml. 

2. Nitric acid (€€NO3 ) , 0.1 N - Dilute 5 ml of coneen- 
trated HNO3 to 800 ml with distiiled water. 



Saction No. 3.10.5 
Revision No. 0 
Bate January 4, 1982 
Page 13 of 18 

3. Mixed indicator reagent - Dissolve 5 g of diphenylcar- 
bazone powder and 0.5 g of bromphenol blue powder i n  750 ml of 
95% ethyl or isopropyl alcohol, and dilute to 1 2 with the same 
alcohol. 

Dissolve 25 g of H ~ ( N C I ~ ) ~ * H ~ O  in 900 ml of distilled water con- 
taining 5 ml of concentrated HNO3 (nitric acid). Dilute to 1 2 .  
The chloride equivalent of the titrant is 5.00 mg/ml. 

The sample analysis fo r  chloride determination is as fol- 
lows: 

4. Standard mercuric nitrate (Hq(NOB),) titrant, 0.141 N - 

1. 
2 .  Add approximately 0.5 ml of indicator, and mix well; 

3 .  Add 0.1N HN03 drop-by-drop until the color just turns 

4. Titrate w i t h  0.1431N Hg(N03)* to the first appearance 

5. Check the blank by titrating 100 ml of distilled water 

Pipette 25 ml of a sample into a 150-ml beaker. 

the color should be purple. 

ye.11 ow . 
of dark purple and record the number of milliliters used. 

containing 10 mg NaHC03. 
6. Calculate 

following equation. 

mg/a of C1 

the concentration of chloride with the 

- (A - B) X N X 35,450 - ml sample 

where 
A = titrant used f o r  sample, ml, 
B = titrant used fo r  blank, ml, and 
N = normality of Hg (NO3 ) 2 ,  meg/ml. 
Standardization of Hg ( N O 3 ) *  for Chloride - 
1. Titrate 15 ml of the  standard NaCl  with Hg ( N O 3 ) *  

reagent, using the method as previously described, Make at 
least three replicates and obtain the average normality of Bg 
(NOS 12 
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2. Calculate the normality of Hg (N03)2. 
ml N a C l  x N NaCl = ml Hg(NO,), x N Hg (N03)2; 

therefore, 

3. Calculate and add the required amount of silver sul- 
fate for each sample: 

- mg/2 C1- x ml aliquot (distilled) x 5 
mg Ag2sO4 - 1000 ml 

5.2.9 Calibration Standards - Use the sodium fluoride working 
standard in Subsection 5.2.1 (0.01 mg/ml) in the following pro- 
cedure. These standards cover the range of 0.2 - 1.4 pg F/mQ. 

volumes of 0.01 mg F/ml NaF solution into seven separate 100-d 
valumetric flasks, and dilute to the mark w i t h  distilled water. 

2. Pipette 50 ml of each of the each solutions into sepa- 
rate 100-ml polyethylene beakers, add 10 ml of SP AppS mixed 
reagent to each, and mix well. 

3. Prepare the blank standard by pipetting 10 ml of 
SPADNS mixed reagent to 50 ml of distilled water. These stan- 
dards will contain 0 ,  10, 20, 30, 40, 50, 60, and 70 pg of 
fluoride. 

4. After mixing-, place the calibration standards and 
reference solution Subsection 5 . 2 . 1  in a constant temperature 
bath for 30 minutes before reading the absorbance within f 3 ' C  
(5.4'F) of the spectrophotometer. Note: Adjust all samples to 
this same temperature before analysis. Since a 3OC difference 
between samples and standards will produce an error of approxi- 
mately 0.005 mg F/A, take care to see that samples and standards 
are at nearly identical temperatures when absorbances are mea- 
sured. 

1. Pipette 2.0, 4.0, 6.0, 8.0, 10.0, 12.0, and 14.0 ml - 

5.2.10 Determination of Fluoride Concentration - In Method 13A, 

use the following steps to determine the amount of fluoride. 
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1. Dilute the d i s t i l l a t e  t o  the mark i n  the 250-1111 volu- 
metric f lask  w i t h  d i s t i l l e d  water, and mix thoroughly. Enter 
this volume (vd) on the  ana ly t ica l  data  form (Figure 5 .l) 

Pipe t te  a su i tab le  a l iquot  (maximum of 50 ml) from the 
d i s t i l l a t e  (containing 1 0  t o  40 p g  F) ( f o r  the control samples, 
a 10 m l  a l iquot  i s  required);  d i l u t e  t o  50 ml w i t h  d i s t i l l e d  
water; add 1 0  m l  of SPADNS mixed reagent; and mix thoroughly. 
Record the a l iquot  Ad on the data  form. 

Place the sample in a bath t h a t  i s  constant a t  f3'C 
(5.4'F) of ambient temperature and which contains the  standard 
solut ions fo r  30 min before reading absorbance with the spectro- 
photometer. 

4 .  Warm up the spectrophotameter €or a su i tab le  t i m e  ( 5  
t o  1 0  min) depending on the  instyurnent; set  the  photometer t o  
zero  absorbance w i t h  the reference solut ion a t  570 nm; and 
i h e d i a t e l y  obtain the absorbance readings of the standards, 
control sample, and f i e l d  samples. 

Prepare a ca l ibra t ion  curve by plo t t ing  the micrograms 
( p g )  F/50 m2 versus absorbance on linear graph paper, as de- 
scribed i n  Section 3.10.2. Note: Prepare a new standard curve 
whenever a f resh  batch of any reagent is made up o r  when a d i f -  
fe ren t  standard temperature i s  desired. Also, run an undis- 
t i l l e d  control sample w i t h  each set of samples; i f  it d i f f e r s  
from the ca l ibra t ion  curve by >f2%, prepare a new standard 
curve. 

6.  Determine the pg f luoride from the ca l ibra t ion  curve 
and record on t h e  data form (Figure  5.1). The values of the 

control samples should be 20 pg. For the undis t i l l ed  sample, a 
value between L9.6 and 20 .4  p g  is acceptable; for  the d i s t i l l e d  
sample, a value between 18.0 and 22.0 p g  is the acceptable 
range. If  both values f o r  the control  samples f a l l  within their 
l imi t s ,  the  f i e l d  sample r e su l t s  should also be acceptable. 
However, i f  the undis t i l l ed  sample is acceptable and the dis- 
t i l l e d  i s  not,  replace the contents of the d i s t i l l a t i o n  f l a sk  
and redis t i l l  a l l  samples. If the d i s t i l l e d  is acceptable and 

2. 

3 .  

- 

5. 

iT 17 j <' 
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the undistilleb sampAe is not, prepare fresh calibration stan- 
dards and carefully check the temperature equilibrium. When 
both samples are unacceptable, prepare a new calibration cunw. 
If this does not correct the problem, start over with a l l  new 
solutions and check with an analyst familiar with the procedure. 

7. Repeat the procedure using a smaller size aliquot of 
distillate if the fluoride concentration of the sample is not 
within the range of the calibration curve. 

8. Calculate the total weight as milligrams and the con- 
centration of fluoride using the equations in Section 3.10.6 and 
record on the data form (Figure 5.1). 

The value of Ft obtained using Equation 6.4 of Section 
3.10.6 for the distilled control sample should be 2.50 mg F; 
acceptable values are between 2.25 and 2.75 mg F. The final 
emission concentration in mg/dscm ( lb/dscf)  should be reported 
in' the test report to the agency both corrected and uncorrected 
for the sample blank. 
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TABLE 5.1. ACTIVITY MATRIX FOR POSTSAMPLING OPERATIONS 

Apparatus 

Sampl i n9 
Apparatus 

Dry gas meter 

Meter thermome- 
t e r s  - -  

Barometer 

Stack tempera- 
t u r e  sensors 

Base Laboratory 
Analysis 

Reagents 

Acceptance l i m i t s  

*5% o f  c a l i b r a t i o n  
f a c t o r  

&6OC (10.8'F) ambient 
temperature 

25 mm (0.2 i n . )  a t  
ambient pressure 

+1.5% o f  t h e  reference 
thermometer o r  thermo- 
coup 1 e 

Prepare according t o  
Subsec 5.2 

Frequency and method 
o f  measurements 

Make th ree  runs a t  a 
s i  ng l  e i ntermedi a t e  
o r i f i c e  s e t t i n g  a t  
h ighest  volume o f  
t e s t  (Sec 3.10.2) 

Compare w i t h  ASTM 
mercury-in-glass 
thermometer a f t e r  
each t e s t  

Compare w i t h  mercury- 
i n-gl ass barometer 
a f t e r  each t e s t  

Compare w i th  r e f -  
erence temperature 
a f t e r  each run  

Prepare a c a l  i b r a t i o n  
curve f o r  each new 
SPADNS reagent mix 

Act ion i f  
requirements - 
are n o t  met 

Recal i b r a t e ;  
use f a c t o r  
t h a t  g ives 

volume 
' lower gas 

Recal ibrate;  
use h igher  
temperature 
f o r  c a l  c u l  a- 
t i o n s  

Recal i b r a t e  ; 
use lower 
barometr ic 
value f o r  
c a l c u l a t i o n s  

Recal ibrate;  
c a l c u l a t e  
w i th  and 
w i thou t  tem- 
perature cor-  
r e c t  i ons 

Prepare new 
sol  grtions and 
c a l i b r a t i o n  
curves 

(continued) 



TABLE 5.1 (cont i nued) 
~ 

Apparatus 

Control sample 

Acceptance 1 i m i  t s  

i2% when run w i th  
f l uo r ide  standards and 
*lo% when d i s t i l l e d  
and run w i th  f i e l d  
samples 
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Frequency and method 
o f  measurements 

Prepare new controls 
before and during 
analysis o f  f i e l d  
samp 1 es 

Action i f  
requirements 
are not met 

Pvepare new 
solut ion and 
ca l  i b ra t i on  
curve, and/or 
change dis- 
t i l l a t e  
so lut ion 
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6.0 CALCULATIONS 

Calculation e r rors  due t o  procedural o r  mathematical m i s -  
takes can be a l a rge  p a r t  of t o t a l  system er ror .  Thus, each set 
of calculations should be repeated or  spotchecked, preferably by 
a team member other than the one t h a t  performed the or ig ina l  
calculations.  If a difference greater  than a typical  roundoff 
e r ro r  is detected, the calculations should be checked step-by- 
s tep u n t i l  the source of e r ror  is found and corrected. 

A computer program is advantageous i n  reducing calculation 
e r rors .  If  a standardized computer program is  used, the or igi-  
nal  data entry should be checked and i f  differences a re  ob- 
served, a new computer run should be made. 

assurance a c t i v i t i e s  for  calculations.  Retain a t  least one 
s igni f icant  d i g i t  beyond that  of the acquired data. Roundoff 
after the f i n a l  calculat ions for  each run o r  sample t o  two sig- 
n i f ican t  d ig i t s ,  i n  accordance w i t h  ASTM 380-76. A l l  calcula- 
t ions  should be recorded on a calculat ion form such as  the ones 
i n  Figures 6 .1A and 6.1B. 

6.1 Nomenclature 

- T a b l e  6 .1  a t  the end of this sect ion summarizes the qual i ty  

Terms used i n  Equations 6-1 through 6-7 are  defined here 
for  use i n  the sections t h a t  follow. 

Ad = Aliquot of d i s t i l l a t e  taken fo r  color development, 
m l  

= Area of nozzle, cross-sectional, m2 ( f t 2  ) 

= Aliquot of t o t a l  sample added to s t i l l ,  m l  

= Water vapor i n  the gas stream, proportion by 

An 

At 

B"* volume 

= Concentration of f luoride i n  stack gas corrected 
t o  standard CQnditiOns of  2OoC, 760 mm H (68'F, cS 

29.92 in .  Hg) on dry bas is ,  mg/m3 ( l b / f t  B ) 
Ft = Total weight of f luoride i n  sample, mg ( lb )  
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+ (AH/13.6) 
= LL % 9 L a ft3 = 17.64 V 'bar 

Tm 'm( std) 
Equation 6-1 

v v  
At Ad 

Ft = 2.205 x 10 O9 (pg F) = 3 . 9 3  b x lb 

Equation 6-4 

CONCENTRATION OF FLUORIDE (ENGLIGH UNITS) 

' 

Ftb = L . d, L x lb/dscf - - Ft '' 'm(std) 

All other equations same as Methods 2 and 5 .  

Equation 6-5 

Figure 6.1A. Fluoride calculation form (English units ) . 6, i. 
. J  
I ' /  
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SAMPLE VOLUME (METRIC UNITS) 

+ (AH/13.6) 
= 1 . ;a 2 Jm3 Equation 6-1 'bar = 0.3858 Vm Y 

Tm 'm( s t d )  

FLUORIDE CONTENT IN SAMPLE 

Equation 6-4 

CONCENTRATION OF FLUORIDE (METRIC UNITS) 

Equation 6-5 

A l l  o the r  equations same as  Methods 2 and 5 .  

Figure 6.1B. Fluoride calculation form (metric units). 



Ftb 
I 

'bar 

pS 

'std 
R 

I 

TS 

Tstd 

'd 

'ic 
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= Total weight of fluoride in sample blank, mg (lb) 

= Percent of isokinetic sampling, % 

= Molecular weight of water, 18.0 g/g-mole 
( 18.. 0 lb/lb-mole ) 

= Barometric pressure at sampling site, mm (in.) Hg 

= Absolute stack gas pressure at sampling site, mm 
(in.) Hg 

= Standard absolute pressure, 760 nun (29.92 in.) Hg 

= Ideal gas constant, 0.066236 mm Hg-d/K-g-mole 

= Absolute average dry gas meter temperature, 

(21.83 in. Hg-ft3/0R-lb-mole) 

K ( O R )  

= Absolute average stack gas temperature, K ( O R )  

- -  = Standard absolute temperature, 293R (528'R) 

= Total volume of distillate, ml 
= Total volume of liquid collected in impingers and 
silica gel, ml. (Volume of water in silica gel = 
grams of silica gel weight increase x I ml/g; 
volume of liquid collected in impinger = f inal  
volume - initial volume) 

= Volume of gas sample measured by dry gas 
meter, dcm ( d c f )  "m 

= Volume of gas sample measured by dry gas meter 
corrected to standard conditions, dscm (dscf) Vm(std) 

= Stack gas velocity calculated by Method 2 (Equa- 
tion 2-7)  using data from Method 13, m/s (ft/s) vS 

= Total volume of sample, ml 
= Volume of water vapor in gas sample corrected to 

Vw(std) standard conditions, scm (scf) 

"t 

Y = Dry gas meter calibration factor 

AH = Average pressure differential across the orifice 
meter, mm (in.) H20 
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= Density of water, 1 g/ml (0.00220 l b / m l )  
P W  

8 = Total sampling time, min 

lJ9 F 

13.6 

60 = s/min 

= Weight of fluoride/50 ml taken from the calibra- 

= Speci f ic  g rav i ty  of mercury 

t i o n  curve, p g  

100 = Factor f o r  converting t o  percent,  % 

6.2 D m  Gas Volume, Corrected t o  Standard Conditions 

Correct the sample volume measured by the dry gas meter 
(V,) t o  standard conditions ( 2 O O C  and 760 mm Hg o r  68OF and 
29.92 i n .  Hg) by using Equation 6-1. The absolute dry gas meter 
temperature (Tm) and or i f ice  pressure drop (poor) are obtained 
by averaging the f i e l d  data.  

- 

Tstd 'bar + (AH/13.6) 
= VmY - 

Tm Psta 'm( s t d )  

+ (AH/13.6)  
Equation 6-1. = K1 VmY 'bar 

Tm 

where 
K1 = 0.3858 K,/m Hg f o r  metric u n i t s ,  and 

= 17.64 OR/in. H g  f o r  English un i t s .  
Note: - If the  leak  r a t e  observed during any mandatory leak check 
exceeds the  acceptable r a t e ,  the tester s h a l l  either co r rec t  the 
value of Vm in Equation 6-1 (Section 6.3, Method 3), o r  inva l i -  
date the test runs. 

6.3 Volume of Water Vapor 

Ts td  - - K V i C  - pw 
'std 'w( s t d )  - Es, 

where 
K = 0.00133 m3/ml fo r  metric un i t s ,  and 

Equation 6-2 
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K = 0.0472 ft3/ml for English units. 
6.4 Moisture Content of Stack Gas 

- - 'w(std) Equation 6-3 

Note: If liquid droplets are in the gas stream, assume the 
stream to be saturated; use a psychrometric chart to obtain 
estimate of the moisture percentage. 

Bws 'm(std) + 'w(std) 

6.5 Fluoride Content in Sample (Concentration1 
Vt 'd pg 

Ft = K 
At Ad 

where 
K = loo3 mg/pg for metric units, and 
K = 2.205 x loo6 lb/pg for English units. 

6.'6 Concentration of Fluoride in Stack Gas 

- Ft - Ftb 
Cs = K 

'm( std) 

Equation 6-4 

Equation 6-5 

K = 1.00 m3/m3 for metric units, and 
K = 35.31 ft3/m3 for English units. 

6.7 Isokinetic Variation (11 

The isokinetic variation (I) can be calculated from either 
raw data or intermediate values using the following equations. 

6.7.1 Calculation of I from Raw Data 

- - .~ 

Equation 6-6 

where 
K = 0.003454 mm Hg-m3ml-K for metric units, and 

= 0.002669 in. Hg-ft3/ml-OR for  English units. 
6.7.2 Calculations of I from Intermediate Values 

) 'std 100 X T Vm std S I =  e P,A, 60 
T,td vs -. 

Eqyation 6-7 



Section No. 3 .10 .6  
Revision No. 0 
Date January 4, 1982 
Page 7 of 7 

m T 7  

where 
K = 4 . 3 2 0  for metric uni ts ,  and 

= 0.09450 for English un i t s .  

6 .7  Acceptable Results 

If 90% I L llO%, the resul ts  are acceptable. I f  the 
resul ts  are low i n  comparison t o  the standards and i f  I i s  be= 
yond the acceptable range, t h e  administrator may opt t o  accept 
the resul ts ;  i f  not,  reject the resul ts  and repeat the t e s t .  

TABLE 6.1. ACTIVITY MATRIX FQR CALCULATIONS 

I r 

Frequency and method 
Apparatus Acceptance 1 i m i  t s  o f  measurements 

Analysis data A l l  data and ca lcu la-  Visual  check 
form t i o n s  given 

Calcu lat ions D i f f e rence  between Repeat a l l  ca lcu la-  
check and o r i g i n a l  t i o n s  s t a r t i n g  w i t h  
c a l c u l a t i o n s  w i t h i n  raw data f o r  hand 
roundof f  error; one c a l c u l a t i o n s  ; check 
decimal f i g u r e  r e -  a l l  raw data i n p u t  
t a ined  beyond t h a t  o f  f o r  computer c a l -  
acqui red  data ' c u l a t i o n s  and hand 

c a l c u l a t e  one samp 
pe r  t e s t  

e 

I s o k i n e t i c  90% 5 11 110%; see Calcu late I f o r  
Eqs 6.6 and 6.7 f o r  
c a l c u l a t i o n  of I 

each t rave rse  p o i n t  

s 
Act ion i f  
requirements 
are mot met 

Complete the 
miss ing data 
values 

I n d i c a t e  
e r r o r s  on 
analys is  data 
f o r m  

Repeat t e s t ;  
a d j u s t  f l o w  
r a t e s  t o  
mainta in  I 
wi th in  &la 
v a r i a t i o n  





7.0 MAINTENANCE 

Normal use of emission testing eq 
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ipment s lbjects it to 
corrosive gases, temperature extremes, vibrations, and shocks. 
Keeping the equipment in good operating order over an extended 
time requires routine maintenance and knowledge of the equip- 
ment. Maintenance of the entire sampling train should be per- 
formed either quarterly or after 1000 ft3 of operation, which- 
ever occurs sooner. Maintenance activities are summarized in 
Table 7.1. The following routine checks are recommended, but 
not required, to increase reliabilty. This section is the same 
a8 for Method 13B (Section 3 .9 .7 ) .  
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Apparatus 

TABLE 7.1. ACTIVITY MATRIX FOR EQUIPMENT MAINTENANCE CHECKS 
~ ~ ~~ - ~~ Action i f  

Frequency and method requirements 
Acceptance limits o f  measurements are n o t  met 

I 
I 

Periodic check of o i l  
and o i l e r  j a r ;  remove 
head yearly and 
change f iber  vanes 

I 
I I 

Replace as 
needed 

If  fa i lure  
noted, re- 
place meter 
box, sample 
box, o r  um- 

l bilical  cord 

Fiber vane pump Leak free; required 
flow; no e r ra t ic  be- 
havior 

Diaphragm pump Leak-free valves func- 
tioni ng properly; re- 
quired flow 

Repl ace when 
leaking o r  
when running 
errat ical ly  

Clean valves during 
yearly disassembly 

No excess o i l ,  corro- 
sion, or  e r r a t i c  dial 
rotation 

Check every 3 mo for 
excess o i l  o r  corro- 
sion; check valves 
and diaphragm i f  
d i  a1 runs er ra t i  call  y 
or i f  meter will no t  
cal i brate 

Repl ace parts 
as needed, m 
replace meter 

- 

ry gas meter 

I I 1 

I I 1 
I ncl i ned manom- 

e t e r  
No discoloration of o r  
vis ible  matter i n  the 
f l u i d  

Check periodically; 
change fluid dur ing  
yearly disassembly 

Repl ace parts 
as needed 

I I 1 

I I I 
Other sampling 

t ra in  com- 
ponents 

No damage o r  leaks; no 
e r r a t i c  behavior 

Visually check every 
3 mo; disass'emble and 
cl ean o r  rep1 ace 
yearly 

Nozzle No dents, corrosion, 
o r  'other damage 

Visually check be- 
fore and a f t e r  each 
tes t  r u n  

Replace noz- 
zle o r  clean, 
sharpen, and 
recalibrate 

1 I I -a 
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8 . 0  AUDITING PROCEDURES 

An audit is an independent assessment of data quality. 
Independence is achieved by using apparatus and standards that 
are different from those used by the regular. field crew. Rou- 
tine quality assurance checks by a field te& are necessary for 
obtaining good quality data, but they a&e not part of the au- 
diting procedure. Table 8.1 summarizes the quality assurance 
activities for the auditing. This section is the same as Method 
13B (Section 3.9.8). 

TABLE 8.1. ACTIVITY MATRIX FOR AUDITING PROCEDURES 

Audi t  

Performance 
Audi t  - 
Analyt ica l  

phase o f  
Method 13 A 
us i ng aqueous 
sodium f luo-  
r i d e  

Data processing 
er ro rs  

Systems aud i t  

I 

Acceptance l i m i t s  

Measured concentration: 
o f  aud i t  sample w i t h i n  
acceptable l i m i t s  o f  
t r u e  value, Section 
3.9.8 

Dif ference between 
o r i g i n a l  and aud i t  
ca lcu la t ions  w i t h i n  
roundoff e r r o r  

Operation technique as 
described i n  Section 
3.10.8 

Frequency and method 
o f  measurement 

Once dur ing every 
enforcement source 
t e s t ;  measure aud i t  
samples and compare 
t h e i r  values w i t h  
known concentrat ions 

Once dur ing every 
enforcement source 
t e s t ,  perform inde- 
pendent ca lcu la t ions  
s t a r t i n g  w i t h  data 
recorded on f i e l d  
and laboratory  forms 

Once dur ing every 
enforcement tes t ,  
u n t i l  experience 
gained and then 
every fou r th  t e s t ,  
observe techniques ; 
use aud i t  check l i s t  
(F ig  8.2, Section 
3.9.8) 

Act ion i f  
requirements 
are not  met 

Revi ew 
operating 
technique 

Check and 
co r rec t  a l l  
data; recal -  
cu la te  i f  
ne c e s s a ry 

Explain t o  
team devia- 
t i ons  from 
recommended 
techniques; 
note on 
F i g  8.2 

r, 
< I  

'. . 
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9.0 RECOMMENDED STANDARDS FOR ESTABLISHING TRACEABILITY 

To acquire data of good quality, two considerations are 
essential: 

1. The measurement process must be in a state of statis- 
tical control at the time of the measurement, and 

2. The systematic errors, when combined with the random 
variations (errors of measurement), must result in acceptable 
uncertainty. 

Other quality assurance activities include quality control 
checks and independent audits of the total measurement system 
(Section 3.10.8); documentation of data by using quality control 

piocedures that can be traced to appropriate standards of refer- 
ence; and use of control standards and working standards fo r  
routine data collection and equipment calibration. Working 
standards should be traceable to primary standards: 

1. Dry gas meter calibrated against a wet test meter that 
has been verified by liquid displacement (Section 3.9.2) or by 
a spirometer. 

2. Field samples. analyzed by comparisons with standard 
solutions (aqueous NaF) that have been validated with indepen- 
dent control samples. 

- charts (as appropriate) ; use of materials, instruments, and 





10.0 REFERENCE METHODa 

40 CFR Part 60 is amended by revising 
Methods 13A and 13B of Appendix'A to 
read as follows: 
Appendix A-Reference Tent Methods * 

Method 13k Determination of Total Fluoride 
W u i o n r  From Stationary Sources: SPADNS 
Zirconium Lake Method 
1. AppIicabiky and Principle 

l-l Applicability. This method applier to 
the determination of fluoride IF] e m i u i m  
born sourcer as spedied in the regulationr It 
doer not measura fluomcarbani, such as 
b o l l &  

13 Principle. Gaseous and particulate F 
are withdrawn irokinetically h m  thu source 
and collected in water and on I filter. The 
total F ir then determined by the SPADNS. 
Zirconium Lake colorimetric method. 
2 Range and Sensitivity 

mL Senritivity has not been determind 

* * . * *  

The range of this method is 0 to 1.4 pg P/ 

3. Intatfemncea 
k g e  quantities of chloride will interfere 

yith tlfe analysir. but this interference can bc 
'nvented by adding silver sulfate into the 

i d l a t i o n  flask (see Saction 7.3.4). If 
chloride ion is present it may be easier to UIW 

the Specific Ion Electrode Method (Method 
1381. Grease on ample-exposed surface3 
m y  mure low F results due to adsorption. 
4. M s i o n .  Accumcy. and Stability 

4.1 M a i o n .  The foliowing estimates 
M b a d  on a collaborative test done at a 
primary aluminum smelter. In the test. six 
laboratorier each sampled the stack. 
simultansoluly using two sampling trains for 
a total of rZ samples per sampling run. 
Fluoride conconvations encountered dusing 
the test ranged fmm 0.1 to 1.4 mg F/ms..?he 
within-laboratory and between-labora tory 
standard deviations. which include sampling 
and analysir errora, were 0.044 mg F / m J  with 
60 degrees of freedom and 0 . M  rng F/m' 
with five degreer of freedom. respectively. 

4 2  Accuracy. .The collaborative test did 
not find any bias in the analytical method. 

4.3 Stability. After the sample and 
colorimetric reagent are mixed. the color 
fomed is stable for approximately 2 horn. A 
3'C tempera- difference between the 
sample and standard iolutions pmduces an 
error of approximately 0.006 mg F/liter. TO 
avoid this error, the ebrorbancer of the 
sample and standard soiutions must b e  
mearwd at the same temperature. 

- 
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5. Appomtus 
5.1 Sampling Train. A schematic of the 

rampling train is shown in Figure 13A-1; it is 
similar to the Method 5 train except the filter 
position is interchangeable. The sampiing 
-.in consists of the following components: 

Differential Pressure Gauge. Filter Heating 
Syrtem, Metering System, Barometer. and 
CIS Density Determination Equipment 
%me as Method 5. Sections 21.1. 2.1.3. 2.1.4. 
21.6.1i.af1.9. and 2.1.10. When moisture 
condensation is a problem the filter heahng 
system is used. 

5.11 Robe Liner. Bornsilicate glass or 
ne staiderr rteeL When the fiiter is located 
immediately after the probe. the tester may 
w a p r o k  heating rystem to prevent filter 
p l & q  resulting from moistum 
condensation. but the tester shall not allow 
the temperature in the probe to exceed 
lZO*l4'c (2488fZS.F). 

5.1.3 Filter Holder. With positive seal 
against leakage from the outside or around 
tbe filter.lf the 5lter is located between the 
prob. m d  h t  impinger. use bomrilicate 
dam or staiderr steel with a U).rnah 
staidass steel screen filter support and a 
silicone mbber gaaket: do not use a glass frit 
or a sintemd metal filter sopport. If the filter 
is located between the third and. fourth 
impingers. the tarter may ura bomrilicate 
glass with a glars Mt filier support and a 
rilicone rubber garket. The tester may also 
we other maten'ah of construction wth 
approval born the Administrator. 

5.1.4 Impingem Fourimpingera 
connected as shown in Figure 13A-1 with 

5.1.1 Probe Nozzle. Pitot Tube, 

52.2 Sample Storage Container. Wid.- 
mouth. hgb-density-polyethylene bottles for 
impinger water ramplea. 1-liter. 
53 Analysis. The following equipment ir 

needed 
53.1 Distillation Appamtur. G1au 

distillation apparatus asrcmblcd as shown in 
Figure 13A-2. 

5.3.2 Buneen Burner. 
5.3.3 Electric Muffle Fmace .  Capable d 

heating to 6WC. 
53.4 Crucibles. Nickel, 75- ro ~ D m l  
535 Beakerr. SOO-mlmd1~mL 
5.3.8 Volumetric Fhskr. ~ m l .  
53.7 Erlenmeyer Flasks or Plastic Bottles.. 

5o(lmL 
53.8 Constant Tempentwo Bath. 

Capable of maintaining a conrtant 
temperature of f l .QC 11 mom tempemtum 

to -cos g. 

thut measures absorbance at Sf0 nm and 
provider at least a 1- light path 

conditions. 
53.9 Balpnce. 3- upad ty  to measun 

53.10 Spectruphotometer. InrtNment 

53.11 Spectrophotornetw Cellr. l-cm 
pauenetb. 
6. Reagents 

6.1 Sampling. Use ACS -agent-gnde 
chemicals or equivalent. unlesr otherwise 
specified. The reagents used in sampling M 
as follows: 

6.1.1 Filtem. 
8.1.1.1 If the filterir located between thr 

third and fourth impingem, use n Whatman I 
No. 1 filter, or equivalent sized to fit the fflta 
bolder. 

gmundglus [or quivalent). vacuum-tight 
fi-. For the first. third. and fourth 
impfngerr. use the Cmnbug-Smith design 
modified by repla& the tip with a 1.3-cm- 
insidediameter (H In.) glass tube extending 
to 1.3 cm (H in.) from the bottom of the flask 
For the aeeond impinger. ure a Greenbug- 
Smith impirqer with the standard tip. The 
teller may use modifications (e.g- flexib'le 
connections between the impingem or 
materials other than glasr). subicct to the 
approval of the Administrator. Place a 
thermom&er, capable of measuring temperature to within 1.C WF). at the outlet COn,htUIC I Mention endDnemcn, of rampany or tho pmduci bnnrmmmnu) n a m  d o n  nol 
of the fourth impinger for monitorvlg 
purposes. 

5 2  Sample Recovery. Th'b following 
items are needed 

5 1 1  Robe-Liner and Probe-Node 
Brucher, Wash Bott)es. Graduated Cylinder 
and/or Balance. Plastic Storage Containers 
Rubber Policeman, Funnel. Same as Method 
5. Sections a 1  to 222 and to 2L& 
respectively.' 

YUJM COOE 6 - 1 ~  

Rolechon Agency. 

%ken from Federal Re ister, Vol. 45, NOr 121, pp. 4185241857, 
Friday, Jun-9 + 

US EPA EMC
The Federal Register Version Presented was published with this Report but has been supeceded.  Users should use the most recent version of EPA Method 13a rather than the method presented.



Section No. 3.10.10 
Revision No. 0 
Date January 4, 1902 
Page 2 of 5 

US EPA EMC
The Federal Register Version Presented was published with this Report but has been supeceded.  Users should use the most recent version of EPA Method 13a rather than the method presented.



Section No. 3.10.10 
Revision No. 0 
Date January 4 ,  1982 
Page 3 of 5 

uu ~ ' b  ~ t a  ia IOUIS~ between the 
pok and Ant impingar. UM any suitable 
d i m  (a&. p p r  orgmic membrane) that 
conform8 to the following rpecclfiutions: (1) 
The Blter un withturd prolongd axporw 
to temperatunr up to 1 W C  (US'fl(4 The 
filter h u  at h t t  95 p m n t  collection 
rfficiency [a p u u n t  pmetntion) for a3 
dioctyl phthalate unoke putidem. Conduct 
tbe Wter taciurqr tort before the test redu, 
wing ASIM Standard Marhod D 2Wi-7~. or 
we test data from the BUppliOf# quality 
control program. (3) The filter has a low F 
blank value (<Om6 uq F/cmsof Rlter area). 
Before the test aeriu. oetrrmine the avenge 
F blank value of at  least h e  fflten (from 
the lot to be wed for ua~pune]  wing th 
applicable proud- d d e d  in Ssctlooa 
7 3  and 7.4 of thlr metbod In g e n d  glarr 
5 k  filters have hi& andlor vuiable F 
blank vdor .  and will not k acceptable far 

6.13 water. Daionized dbtUld io 
conform to ASTU Specifiotian D 1193-11. 
Type 3. If high concenhatlonr of organic 
matter am not expected to he prcnent tba 
analyst may delete the potassium 
pumalroete test for oxidizable q a d c  
mmtter. 

Stopcock Greasa. Same as Method I. 
Section 3.1s 3.1.4. and 3.1.5. rapac6vdy. 

con tainer 18 deoailmd in Ssceion & I t  u 
needed for rampk r rcovay .  
63 Sarnph Rapamtion and Analysis. 

The reagenu needed for unple p n p m  tion 
and u u l y ~ i s  M er follw: 

6.3.1 C.ldnmOxide(C.0). &%ifial 
grade amtaking 000s porwnt For l a r  

Dissolw Q18 d pblphthalain in a mixhus 
of 50 ml ofa) puGsnt etiluml uld fomlof 
daionbd dirallld water. 

6.3.4 Sodium Hydroxide (NaOH). 
Pellets. 

6.36 Sulfuric Acid (HSO,). Concentrated, 
6.3.6 Sulfuric Acid. 25 percent (V/v). 

Mix 1 pan of coocentreid %SO, witb 3 
 part^ of deionized distilled water. 

83.7 Filtsrs. WhatmanNo.SU.or 
equivalent 
638 Hydrochloric Acid {HCl). 

Concentrated. 
U S  WaIer. From 8ame c o n h i n u  a8 

described In Sectiion 6 . U  
6.3.10 Fluoride Stmdud Solution om mg 

Flmt Dry in an wen at n0'C lor at least 2 
houn. Dirsolve W10 8 of NaF in 1 l i b  of 
deionized dirrilled wuter. Dilute 100 ml of l i r  
wlution to 1 Liter with deioniosd distilled 
water. 

63.11 SPADNS Solution 14.5 dihydmxy-S. 
[p-rullophenylozo)-27-n.phthalenc-diouLnic 
acid trirodium dt]. Dirrolve 0 .W i 0.010 
g of SPADNS reagent in 500 ml deionized 
dislilled water. If atorad in a well-realed 
bottle protected from the sunlighL this 
solution is stable for at least 1 month. 

6.3.12 Specimphotomeler Zero Reference 
Solution Prepare daily. Add 10 ml of 
SPADNS rolution (83.11) 10.100 mJ deionized 
distilled water: and acidify with a rolubon 
prrprnd by diluting 7 ml of concentrated HCl 
to 10 ml witb deionized distlllrd watu. 

uw. 

6.1.3 Silica Gel. &shed loa and 

- 6.2 sMpkR.covmy. Water.hmume 

633 Pbmolphthalain Indicator. 

633 S U V U  sulfate (J%&sck]. 

6.3.13 WADNS hbmd Reagent D u ~ l v e  
0.135 2 0.005 g of rirconyl chloddt 

deiodrsd dirtillad watu. Add 350 ml of 
concentrated HCI. and dilute to xyl ml with 
deionized dirtillad wat-. Mix q u d  volurner 
of chfr wluhon and SPADNS cdution lo form 
a rfngla reagent. Thir m a a t  b atablr for at 
least 2 month 

APrrnsduns 
73 Sampling. & u w o f t b e c o m p l s x i ~  

of this mthod. ~ t c n  rhould be trainad and 
experimcad with h e  tax1 procsdruar to 
as- reliable mulk 

7.Ll R e t u t R s p . r a U o n .  Followla 
genml ploudurs given in Muthod 5 Section 
4.1.L accept the Blur need aot in w w  

7.12 pnllnrlavyDelanDiMtiolrr. 
Follow the ~ n e d  p d u n  givmn in 
Metbod 5 k t i o n  4.z1, u(O0pI the a& 
riza ..leetad murt aahtain hkinetic 

7.1.3 hpurtion of Collection Train. 
Follow the g u r d  p 4 . w  @var in 
M e h d  5. Sactian 4.13, eccept for the 
foU0wing vuiationr: 

Plur 100 d of deianr,yl distilled wetu  h 
+ad of tbe 5mt iwo impingem ond l u v e  the 
third impingar empty. Transfer appmxknatdy 
a0010 3008 of preweQhed duiu gd h m  iLI 
container to the fourth impinger. 

.Cummble the wain as &own In Figure 
13A-1 with tho fUtv batweon the third m d  
fourth i m p m ~ .  Alternatively. S a r a h  
rtunlerr steel I- ir urd for the filter 
rupporL the (rricr m y  plao the mar 
betwean tbe probe and first imp-. Tbe 
tester may dm w A filter hating sy8t.m to 
prevent moir tw andmut ian ,  but shall not 
allow the & n ~ p ~ t w  omund the Altar bolder 
to OX& 120 t 14% [Us f SS'F). R-rd 
the 5It.r locatioa on rh data sheet. 

7 .u  LukcbadrRvcedwr Followthe 
lmkch.dr pmodums given in Method 5, 
sactlaa# &LLl lprrtrrt t.k-Check). 4.1.42 
bek-cbock~ D w i q  the Sample Rue).urd 

7 5 5  FluoddeTrabOpration Follow 
the general procedure given in Method 5, 
Section 4.15, kueping he filtar and probe 
temperatures (if applicable) at * I4.C 
(248 & 25.F) and isokinetic ~ m p m  rates 
below 28 liten/min (1.0 cfm). For each NP 
record the 
as the one shown in Metbod 5. Figure 5-2 

7 2  hmpIeRacovary. Beginproper 
deanup prowdun as 9oon as the probe is 
removed from the stack a! the end of the 
8 W b W O d -  

Allow the probe to SOOL when it can be 
rafely handled wipe off dl external 
particulate matter mar the tip of the probe 
n o d e  and p l a a  a u p  over it to keep from 
loslng part of the ramplr Do not cap off the 
probe Up tiphUy while the sampliq tram is 
cooling down. because vacuum would form 
in the filter holder. bus drawuq iclpmger 
water backward. 

Before m o v i q  the sample train to the 
cleanup rite. remove the probe from the 
sample train wipe off the silicone grease. and 
CAP the open outlet of the probe. Be careful 
not to lose m y  condenrate. if present. 
Remove the filter arsembly. wipe off the 
silicone fromrh. filter boldu inlri. 

octahydrslc ( Z r o c l c  W )  h 25 ml of 

wmplilq r8tu M o w  za lilem/lrdn (Lo &I. 

4.1.43 (Port-Twt h.k-Chd). 

required on r data cheet such 

and u p  thir in let  Rrmow tbc umbiliul c o d  
from the lart impinger. and u p  tbe imp-. 

the filter h l d u  outlrt ud any opsn imp- 
inlctr and ourle~. IIae terter may we ground- 
glass rtoppm. plrstic up or ruum u p s  to 
clme them opurihgr 

Transfer. the probe d Bllur-impingu 
rrwmbly to an a m  t h t  ir clem and 
protectod from the w i d  no that the chmcsa 
of contaminating orlasing the-iample ir 

disassembly. and note m y  a b m z  
conditionr. T N ~ I  h e  aunpler u Followr 

lmpiqar cltchrr). Using a graduatad 
qhder .  mea~um to the nuwt  mL and 
mod rhr volume of !he wata b~ the Iint 
three impilqpn; iDdnda m y  condaruat. kr 
!he prob. In thin d.tmminatio~ Transfer tk 
impurlrv water bomtb.~p.duated +dar 
into thir polyetbylaw cmrtainu. M d  th. 
filter lo this conlaher. (Tha 5lu may k 
hurdled wparatdy proudurw mbj- 

that durt on tb. outsid. of !he probe or orkr 
r x e o r  .\pkor don mot@! into rtu 
u m p l r  d u n  dl d a o r r  
( i n d u w  p r o k  liner. the a n t  probe tbm d fmpingvr. prOa i r n p i  5t14, 

connecton. and hltu bdd.r) with daianved 
dirtilld warn. uu Irp rbrn 500 ml for the 
e n t h  warh. Add the umhioga to the nmpht  
container. krfom sb. deionized dirrinad 
water riMer as followr 

C . m U y  remove thr prOa n o d e  and 
rinse the h i d e  r u d m  wIlb ddonizad 
dirtilled water h a  a wuh both Bnvb wltb 

Nylon bristle bnuh d riw until L o  
r t u e  shows PO visible ~ ' d n  after w-hid 
make A fud rinu aftbe b i d e  surf- BNlh 
and rime the ins& 
fltting with duoniud distiILd water h a 

Rinse the probe b a r  uitb d a o n i d  
dirtillad water. while 4uizliq tltr Wale into 
the upper end ol tbc pro&. tilt and robla tho 
probe a0 that dl hide mufaces will be 
wetted with wa&r.Irt&e w r t a  drain from 
the lower end into Ibc sample container. Ihc 
tester may use a funnel Mars or 
polyethylene) to uid in t r a n d e ~  the liquid 
warher to the ContPiOer. Follow h e  h e  
wth a probe brush. Hold the probe in an 
mched porihon. a d  q u t  deionized 
distilled water into the uppar sod aa h 
probe brush is p h o d  with a twir~lag 
a c t h  through the proba Hold rbc runple 
container undemearh tbe lower end of the 
probe. and utch any water and puticul.tc 
matter that is b h d  &om the p r o h  Run 
the brush h u g b  the pmbe three h a r  ot 
more. With stainless steel or orha meld 
probes. run tbe bmqb through in tbe abo& 
prercribed manner at least B ~ X  tinm since 
metal prober have rmpu crevices UI whch 
partrculate matter ran be entrapped. Rlhse 
the brush with dciwuzed &tilled water. and 
quantitatively collect there washingr ut Ibc 
sample coniainer. After the brushing. make a 
final nnse of the probe as desvibed above. 

It 10 recommended rha~ two people Jean 
the probe to rmnimLr sample 1 0 8 ~ ~ .  
Between umpLng NP.. keep b n u b  clean 
and protectad frwn ~ Q I I ~ . I D L D I I I ~  

After wip@ oa the silicoae pear* u p  off - 

Inrpwt the tnh beform and d 

72.1 ConrCrinuNia I [probr mtu, m d  

to the M r m m ' .  .wVd.)  TlkW Un 

d the S w a & k  

8- Way. 
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lUns0 the inside rurface of each of the Rnt 
rhm lmpiwen (and conneetfng glarrwrm) 
thme separate timer. Ure a r m d  portion of 
doionized dirdlled water for each rinae. and 
bmrh each rample-exposed rurface with a 
Nylon brirtle brurb to enem recovery of 
h e  particulate mrtler: Make a Anal rirw of 
oach rurfacr and of the bnuh. 

that all Joint8 h v e  been 
wi$c;zn%e rilicono groarr. brush and 
rinae with deionized distilled water tbo inrfdo 
of the filter holder (front-half only. if tiller ir 
positioned between thr thM and founh 
impingere). Brush and rinse each ruxfacc 
h o  times or mom if needed. Make a find 
rinre of the bnuh and filter bolder. 

Aftor d watar warhhgs m d  puticdato 
matter hav8 been c o U a c t d  in tho umple 
containet, -ten the lid so that water wlll 
not Ierk out when it Ir rhipped totbe 
laboratory. Mark the height of the Ouid lwol 
to detumhe whether leakage OCCM d u d q  
h.nrport k b e l  the container clearly to 
identity ib mtcnts .  

Prepare a blank by pladng an unurod Altar in 
a polyetbylane container and adding c 
volume of witar equal to the total volume in 
a n t a h o r  No. 1. Procsrr the bluak h tho 
urns manner 18 for Container No. L 

7 z 3  Can&inarffo. 3 (Silica Gel). Note 
the color of&e indicating ai l iu  w l  to 

. determine whether it has been completely 
spent and make a notation of ite condition. 
Transfer the riliu gel from the fou& 
impin- to ite original container and seal. 
The teeter may we a b e 1  to pour tbe Uu 
gel and 1 rubber policeman to remove the 
riliu gel hxn the impinger. It b not 
nucurmy to mmove the mall mmt of duat 
particlea that may adhere to the lmpiugor 
wall and am =cult to move.  Since the 
pain in weight ir to k used for moirha 
ulculatioar. do not ure m y  water or other 
liquids to m f e r  the silica gel. Lf a balance 
is available in the fluid. the teeter may follow 
the analytjiul procedure for Container No. 9' 
In sectlon 7.4.2 

7.3 Sample Prepamtion and Distillation. 
(Note the liquid levelr in Containen No. 1 
and No. 2 and c o n h  on the analysir sheet 
whe'Ser or not leakage occurred during 
transport. If noticeable leakage had occund. 
either void tbe sample or use methods, 
subject to the approval of the Adminirtrntor. 
to correct the final resulta.) Treat the content) 
of each earnple container a8 dercrIbed below: 

7.3.1 Container No. 1 [Robe, Filter, and 
Impingn Catcher]. Filtp thir container'r 
content), including the ~ m p l h g  filter: 
through Whatman No. 541 filter pnper, or 
equivalent. into a i5oo-m) beaker. 

ml. make the filorte baric (red to 
phenolphthalein) with NnOH. and evaporate 
to less than 900 ml. 

(including sampling filter) in a nickel crucible. 
add a few ml of deionized distilled water. 
and macerate the Alten with r glarr rod. 

Add 100 mg CaO to the crucible. and mix 
the contentr thomughly to fom a s l v .  Add 
two dropr of pbcnolphiholein indicator. Place 
b e  mcible in a hood under infrared lamps 
or on 8 hot plate at low heat. Evopante the 
w i i u  m p h t o l y .  purlnl the evaporrtlon of 

7.22 Container Na 2 [!Sample Blank). 

7.3.1.1 If the filtrate volume ucceda 800 

7.3.12 Place the filtered material 

the water. keep tho s k y  baric (red to 
phenolphihalein) to avoid lorr of F. If the 
indicator hvnr colorless (addic) during the 
evaporalon add b O  until the color hrrnr 
red i g a h  

After evaporation of the water, place the 
crucible 00 a hot plate under a hood and 
rlowly hmliw tho trmpontum until the 
Whaeup No. WI and eunpling Elten char. lt 
may take several h o w  tocompletoly char 
tho filters. 

Place the crudblo in a told muffle h a c r .  
Cmdudy [to p ~ t  rmoklng) incnase the 
temperature to 600'C and maintain until tho 
content8 w d u m d  t o l o  arh Remove th8 
rrucible horn the furnace and allow to 0ooL 

Add approximately 4 g of -shad NaOH to' 
tbr crudblo and nrix. Roturn t h m  audbh to 
tho muQe furnace, m d  hur tho ~ppplr for 10 
lntautor at m*c 

R o m m  the uhrple b m  tho hrnum and 
0001 to ambient )rmpumtum U.M u v d  
rinrw of warm deiontud dietillod watm. 
txansfer tbe amtoate of the crudble to the 

compiato s a ~ p l e  m o v d ,  rinre finolly 4th 
hvo mml pama of Y pI lunt  H.so.. and 
c u d d l y  add to the koku. MLt w J t  and 
trrrrufor to a i-utrr volumetric 5ulc Wulc to 
volume with ddanlzad dirtlllod water. m d  
mix tbomughty. M o w  m y  Pndirrolved rolidc 
to nettle. 

7.32 conbiner Na 2 (Sample B i d ) .  
Treat tn the r a m  maanor ar d a d b o d  in 
Section 73.1 above. 

7.3.3 Adjnstment of Add/WaterRatJo in 
Dirtillation f i rk  (Uro a pmtmdve shield 
when canying out thir p m d u r a )  Ram 100 
ml of deionirsd d i d l e d  water in t b m  
dirtillation O u k ,  and add 2#) nd of 
concentrated &SO. (Cautioa. Obrrrvo 

with water. Slowly add tho add to the florlr 

kada  arid ~ v o n l  rrnrll pi- of broken 
dare tubing, and aammM0 tbe r p m h u  8 I  
rhown i F i i  19A-2. Heat tbe flask until it 
machm a temperataro of 1n'C fo adjust the 
acid/hter  ratio for aubeequent di#dh60!U. 
Dircard tbe dirtillate. 

7.3.4 Distillation. c401 B e  contente of 
the distillation nark to below a0.C Pipet an 
aliquot of ample containing lerr than 10.0 mg 
F directly into the diitillation flask. and add 
deionized distilled water to make a total 
volume of 220 d added to the dirtilladon 
nark (To erdmate the appropriate aliquot 
aim. relect an aliquot of tho rolution and 
weat a8 described in Section 7.4.1. W s  wtll 
be an approximation of the F content beuure 
of possible interfering ionr.) Note: If the 
ample contains chloride. odd 5 mg of AgrSO. 
to the flark for every mg of chloride. 

Place a 250-d volumetric flask at the 
condenier exit, Heat the flask as rapidly ar 
possible with a Bunren bwaer. and collect all 
the distillate up to 175.C. heatup. play 
the burner flame up and down the dde of the 
flask to prevent bumping. Conduct tbe 
distillation a1 rapidly as possible (15 minutes 
or less). Slow distillationr have been found to 
produce low F recoveries. Caution: Be careful 
not to exceed 175.C to avoid ceuslng H,SO. 
to dirtill over. 

If F distjllatlon in the mg m e  ir to be 
followed by I dirullatiea fa ths hctiond 188 

b c a h  E o n t a m  tb TO a81W 

rt.ad.rd p-~tl~nr wbm Ha, 
withconrt .a t~ . )Addromrron*u  
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With the spectmphotometer at S70 nm. use 

Determine the absorbance of the 

the reference solution (63.12) to set the 
absorbance to tam. 

stand&. R e p a n  a calibration c w e  by 
plotUng pg F/sO ml versus .absorb~u~on 
linear gmph paper. h p a m  the standud 
curve initially and thereafter whenever tho 
SPADNS mixed mgrnt is newly made. Also. 
run a ulibrrtion atandud with eacb wt of 
samples and if It diffurs fmm the d i b n t l o a  
curve by 2 2  percent prepam a new standud 
curve. 
A Calcrrlotionr 

at lust 
one exba decimal &gum b e y o x t  af tbr 
rcqulrlrd data. Round off 5gw8s aftu Ih.l 
ulculrtion. Other f o m  of the equations m y  
be d provided that they yidd equlvalmt 
?OSult& 

A, Y Aliquot of distillate t&en for color 

A, - Aliquot of total sample addud to 8tU 

B, I Water vapor.in ,&a gas stm.rm, 

c, I Concmmtion of F in strclr gas. mg/m? 

Carry out calculations. n t a  

0.1 Nomenclatura 

development. ml. 

mL 

proportion by volume. 

dry basir. corrected to standud 
conditions of 780 mm & (29.02 in Hg) 
and ZJ3'K (528%) 
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F, I Total F In sample. ms. 
pg F I Conwntntien from the ullbntion 

w e ,  w. 
TI I Absolute a v m p  dry gar meter 

ternperrtutw (see F v  5-2 of M ~ t h o d  5). 
'K (%I. 

T, m Absolule ivemge stack gar tempentun 
(see Figure s 2  of Method 5). 'K (W. 

V, I Volume of distillate c0UeCt.b ml. 
V- I Volume of gas sample 0s measured 

by dry gas mew, ootxeeted to standard 
conditions, dsan (m. 

V, I Total volume of F umple. ahrr b a l  
dilution. ml. - Volume of water vapor in the gas 
sample, corracted to standard condition8 - (4. 

93 Averom DIY Gas Meter T m p a m t w  
and Average Orifiu Rnur Drop. kr data 
sheet ( F i i  5-2 of Method 5). 
OJ Dry Gaa Volume. Calculate V d b  m d  

adjurt for 1e.kyr. if necesury. win8 the 
equatlon In section 6.3 of Method 5. 

9.4 Volume of Water Vapor and Moistun 
Content. Cnlculate the volume of water vapor 
V w  and moist- content B., &om the data 
obtained in this method (FIpe 13A-1): use 
Equatlonr 5-2 and S S  of Method 5. 

the amounl of F in thu sample win# the 

0 5  Coacantrrtion. 
05.1 Total Fluoride io Sample. Calculate 

following equation: 

953 Fluoride Concentratiod in Stack Gas. Determine the F concentration in the st.dr 
gas u r i q  the following equatiorr: 

When: 
K = 35.31 fts/ma if V e u  ir expressed in 

= 1.00 mYma if V , u  i s  exprssed in 

9.6 Isokinetic Vunation and Acceptable 

English units. 

metric units. 

Results. Use Method 5, Sections 6.11 and 
6.12 
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12.0 DATA FORMS 

Blank data forms are provided on the following pages for 
the convenience of the Handbook user. Each blank form has the 
customary descriptive title centered at the top of the page. 
However, the section-page documentation in the top right-hand 
corner of each page of other sections has been replaced with a 
number in the lower right-hand corner that will enable the user 
to identify and refer to a similar filled-in form in the text 
Section. For example, Form M13A-2.1 indicates that the form is 
Figure 2.1 in Section 3.10.2 of the Method 13A Handbook. Future 
revisions of this form, if any, can be documented by 2.1A, 2.1B, 

- etc. Four of the blank forms (the first listed below) are in- 
eluded in this section. Eighteen are in Section 3.9.12 as shown 
by the M13B following the form number. 

Form - 
2.1 
5.1 
5.2 
5.3 
1.2 (M13B) 
2.3A & B (M13B) 

2.4A & B (M13B) 

2.5 (M13B) 

2.6 (M13B) 
3.1 (M13B) 
4.1 (M13B) 
4.2 (M13B) 
4.3 (M13B) 

Title 
Fluoride Calibration Curve Data Form 
Method 13A Analytical Data Form 
Analytical Balance Calibration Form 
Control Sample Analytical Data Form 
Procurement Log 
Dry Gas Meter Calibration Data Form 
(English and Metric units) 
Posttest Meter Calibration Data Form 
(English and Metric units) 
Stack Temperature Sensor Calibration 
Data Form 
Nozzle Calibration Data Form 
Pretest Sampling Checks 
Nomograph Data Form 
Fluoride Field Data Form 
Sample Recovery and Integrity Data Form 
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Form - Title 

4.4 (M13B) Sample L a b e l  
4.5 (M13B) On-Site Measurement Checklist 
5.1 (M13B) Posttest Calibration Checks 
5.2 (M13B) Fluoride Analytical Data Form 
6.1A & 6.1B (M13B) Fluoride Calculation Data Form 

8.2 (M13B) Method 13B Checklist To Be Used by Auditoro 
(English and Metric units) 



Spectrophotometer number Analyst 

Calibration date SPADNS mix date 

Ambient temperature O C  Bath temperature OC 

Spectrophotometer set a t  570 nm Yes no 

Reference solution used t o  set zero absorbance Yes no 

Absorbance readings: 10 P9 20 c19 30 IJg 

40 iJg 50 iJ9 60 iJ9 70 lJg blank 

0.7 

0.6 

0.5 

0.4 

0.3 

0.2 

0.1 

0 I 1 I I I I 
I 10 20 30 40 50 60 3 

pg o f  f luoride per 50 m l  

Signature o f  Analyst 

Signature o f  Reviewer 

Q u a l i t y  Assurance Handbook M13A-2.1 



METHOD 13A ANALYTICAL DATA FORM 

Sample 
vo 1 ume 

from s t i l l  

91 ant  Locat i  OR 

Date Analyst SPADNS mix date 
Samp 1 es i dent i.f i ab 1 e Yes no A l l  l i q u i d  leve ls  a t  mark Yes no 

Ambient temperature Temperature o f  samples Temperature o f  standards 
Sample was concentrated Yes no Sol ids fused and added t o  l iqu id  Yes no 

A1 i quot 
o f  sample 

f o r  analysis 

A1 iquo t  

sample 

d i s t i  11. 

Total  . 
vo 1 ume 

o f  sample 
Sample before 
i dent i  - d i  s ti 1 1 . 

f i c a t i o n  (Vt), m l  

Total  
Absorb. 

o f  sample 
a t  570 nm 

OD 

weight 
o f  F 

mg o f  
ch 1 o r i  de 
per 1 i t e r  
o f  sample 

mg o f  
s i l v e r  

c h l  o r i  de 
added 

IJg F a 
i n  sample 

Sample 
number 

I 

bTotal weight o f  f l uo r ide  i n  sample (Ft) aControl samples resu l t s  must be between 19.6 i g  and 20.4 pg f o r  
u n d i s t i l l e d  sample on 18.0 an 22.0 pg f o r  d i s t i l l e d  sample 

v v  
= (pg F) 

Ft At Ad 
Remarks : 

Signature o f  anaTyst 

Signature o f  reviewer 

Qua1 i ty Assurance Handbook M13A-5.1 

I 

1 



Balance name Number 

C1 assf f ication o f  standard weights - 
Date 
- 
0.5000 g 10.0000 g 50.0000 g 100.0000 g 

Qua1 i ty Assurance Handbook M13A-5.2 

Analyst 



P1 ant 

Analyst Ambient tentpatature 

Date of calibration curve 

Date o f  analyLi s 

Temp. o f  calibratioh curve 

Control sample temperature 

Absorbance o f  control sample 

Amount o f  F in control sample 
from calibration curve 

Percent error between measured 
and calculated concentration 

Concentration 4 

Di s ti 1 1 ed 

control ,camole 
Undistilled 

Were acceptable results obtained ,on control samples (less than 2% undis- 
tilJed and (10% distilled) 

Signature o f  analyst 

S i  gnature o f  revi ewor 

Qua1 i ty Assurance Handbook Ml3A-5.3 

--.. 






